SECTION VII 
MATERIAL IMPAIRMENT: 


IRRITATION 
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IRRITATION 


THE PROPOSED RULE DOES NOT CORRELATE 
COMPLAINTS OF IRRITATION WITH ACTUAL WORKPLACE 
EXPOSURES TO ETS, AND FAILS TO DEMONSTRATE 
THAT CURRENT ETS EXPOSURE LEVELS IN THE 
WORKPLACE POSE A SIGNIFICANT RISK OF MATERIAL 

im p ai r m en t fro** "irr it a tion 11 _ 

OSHA's Proposed Rule states that “mucus membrane 
irritation" is part of "a wide spectrum of health effects . . .. 
associated with exposure to ETS." (59 FR 15973) In support of its 
claim'that ETS is an "irritant, " OSHA cites a single summary review 
of the literature (1986), two studies and six personal testimonials 
submitted to the RFI docket. (59 FR 15975) The Proposed Rule also 
lists several substances that have been defined as "irritants" by 
NIOSH and are reportedly found in tobacco smoke, but it concedes 
that specific constituents in ETS have not been directly related to 
irritation effects. (59 FR 15987-8, 15975) 

The two studies on ETS and irritation cited in the 
Proposed Rule do not establish a significant risk of material 
impairment at current workplace exposure levels. The data in one 
of the studies cited In the Proposed Rule were collected 1 in 
Switzerland in the late 1970s, and the high levels of respirable 
particulate matter reported therein are not relevant to current ETS 
exposure levels in the U.S. (Ex. 4-317) Moreover, the Proposed 
Rule does not address the authors' qualifications of the data in 
the study, i. e.. 
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.. . there is a very poor correlation between 
the mean pollutant concentrations in each room 
and the corresponding results of the 
interview. This means that the measured 
pollutant concentration in an individual work 
room does not necessarily allow drawing 
conclusions on the extent of disturbance and 
irritations . .. . 

■ r %-' 

Individual psychological factors (relationship 
with co-workers, work satisfaction, attitude 
toward smoking) considerably Influence 
individual evaluation of disturbances and 
irritations . . . .; 

Thus, there is a considerable variance on the 
side of measurements of chemical and physical 
properties as well as on the side of 
subjective perception and feelings. 


A second study cited in the Proposed Rule was conducted 
in Japan in the mid-1980s. (Ex. 4-18): Subjects were exposed to 
extremely high levels of tobacco smoke in an experimental chamber . 
The peak level of exposure to respirable particulate matter was 
nearly 100 times greater than levels encountered in workplace 
situations where smoking is permitted. The relevance of this 
experimental study to OSHA's claim about irritation is unclear; 
Benzene explicitly prohibits OSHA from basing its finding of 
"significant risk" at "lower levels of exposure . . . using: 
evidence of health impairments at significantly higher levels of 
exposure." ( AFL-CIO v. OSHA , 965 F.2d 962, at *978) 
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Irritation" Defined 


In the Introduction' to its standard governing workplace 
exposure to air pollutants, OSHA summarizes its authority as 
follows: "*• - : 


Some impairments are so slight a discomfort 
that they are not material and do not provide 
a basis for regulation. A complaint of minor 
discomfort, in and of itself, is not material 
impairment. However, the OSHA Act is designed 
to be protective of workers and is to protect 
against impairment with less impact than 
severe impairment. (54 FR 2332, 1989) 


OSHA also states: 


. . . [C]omplaints of minor irritation would 

not in and of itself constitute material 
impairment.. In addition, OSHA would weigh 
irritation with physical manifestations more 
heavily than irritation with purely subjective 
responses. This does not mean that purely 
subjective responses would not constitute 
material Impairment. That judgment would 
depend on the magnitude of the irritation. 
(54 FR 2362, 1989) 


If OSHA is to support its claim that Irritation from 
exposure to ETS is a material impairment, it must demonstrate that 
exposures bring about something more than subjective responses of 
minor irritation or annoyance, i.e., it must demonstrate the 
"magnitude" of the purported irritation effect. OSHA must 
demonstrate the "extent of the risk posed by individual 
substances," i.e., that existing exposure levels In the workplace 
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pose a significant risk of material impairment (due to irritation). 
I't also must provide an "assessment of the level at which 
significant risk of harm is eliminated or substantially reduced." 
( AFL^-CIO v. OSHA . 965 F.2d 962, 1992; *974, *979, *975) 

V 

OSHA will find little, if any, support for its position, 
in the scientific literature. For instance, the major databases on 
sick-building syndrome indicate that tobacco smoke is rarely the 
underlying cause of complaints about irritation and annoyance 
related to indoor air quality. (Exs. 3-1053, 3-1073, 3-1074) . ETS 
has been identified as a source of claimed discomfort in. only two 
to five percent of a combined total of 1,000 sick-building 
investigations, 13 

Other published investigations of workplace venues report 
similar results. For example, in 1992, Canadian researchers 
reported results of a building investigation in which temperature, 
humidity, dust, nicotine, formaldehyde, volatile organic compounds, 
and C0 2 were measured. 4 Occupants of the building complained of 
poor indoor air quality, and a questionnaire evaluation revealed a 
substantial number of complaints about unsatisfactory thermal 
conditions, dry air, drowsiness and eye irritation. However, all 
measured parameters, including temperature and humidity, were 
within accepted comfort/exposure guidelines. The authors were 
unable to correlate any single measured environmental parameter 
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with complaints or symptoms. They concluded that their 
investigation "showed that complaints reported by occupants were 
associated with perceived rather than measured levels of indoor 
environmental parameters" [emphasis added]. 

A 1989 report by Hedge, et al. noted that while self- 
reported exposures to ETS were associated with increases in 
perceived symptoms of irritation, no significant correlations 
between actual levels of ETS constituents in the indoor air and 
symptom prevalence could be established. Moreover, the researchers 
reported that "passive smoking" was not associated with self- 
reports of mucus membrane irritation (MMI). s 

Pimm and co-workers examined the effects of ETS exposures 
"at levels typically encountered in public buildings" in the late 
1970s. 6 Physiological parameters such as lung flow rates, heart 
rates and blood carboxyhemoglobin levels were measured. The 
researchers reported that "the magnitude of the changes was small 
and of questionable biological significance." The authors also 
observed that "the subjects were also inevitably aware of the 
presence of the smoke, and the reported reactions may have been 
influenced by underlying beliefs and attitudes." Subjective 
complaints of irritation were categorized as "symptomatic" rather 
than physiological. 
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The Proposed Rule rejects the possibility that complaints 
about indoor air quality, and specifically complaints about ETS, 
may be mediated by a psychological component. The Proposed Rule 
suggests only that a "psychological overlay" may be common to 
complaints s related to poor indoor air quality. (.59 FR 15970) 
However, research' indicates that the mere visibility or presence of 
ETS may provoke symptoms and complaints. 7 ' 6 Winneke and: colleagues 
found that aversion to ETS increased the degree of annoyance and 
irritation reported under experimental exposure conditions. 7 
Researchers from the Illinois Institute of Technology in 1992 
reported that simple visual contact "with a source of tobacco 
odors" increased both perceived odor intensity and the number of 
subjects perceiving tobacco odor. b 

Other recently published studies have demonstrated 1 the 
importance of variables such as job stress, including work control, 
support, possibilities for personal growth and job satisfaction, in 
the perception of symptoms due to sick-building syndrome. 9,10 The 
studies suggest that such factors may either be directly related to 
symptoms as stress reactions, or they may play a role in rendering 
the individual more prone to react to environmental influences, 
including perceived exposures to ETS. 9,10 

ETS is easily identified and is often blamed as the cause 
of complaints of annoyance and irritation, especially among 
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individuals who dislike tobacco smoke. However, a workplace that 
is adequately ventilated with outdoor air effectively addresses and 
prevents complaints of irritation and annoyance, regardless of the 
suggested source. 1 " 3 ASHRAE ventilation Standard 62-1.989 was 

"V 

developed in order to minimize potential complaints of annoyance 
and irritation in indoor environments. The ventilation rates in 
the Standard specifically address ETS. The Standard's design 
criteria currently apply to buildings that have been constructed, 
renovated or remodeled in the U. S. after 1990 . Indeed, the 
Standard is incorporated by reference into OSHA's Proposed Rule on 
IAQ. (59 FR 16036) 

OSHA's Proposed Rule calls for the complete elimination 
of ETS exposure in the workplace. This proposal, of course, will 
not eliminate exposure to irritants in the workplace, since 
precisely the same irritants imputed to tobacco smoke by OSHA are 
emitted from other sources. (59 FR 15987-8, 15984) Specific 
irritants reported in tobacco smoke and generated as well from 
other indoor sources include formaldehyde and other volatile 
organic compounds such as acetaldehyde, acrolein, etc. 59 FR 
15987-8) 


The levels of "irritants" found in the indoor air of the 
nonindustrial workplace typically overwhelm any possible 
contributions from tobacco smoke. For example, Godish, in his 
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review of formaldehyde exposures from tobacco smoke, writes that 
even under "extreme circumstances, the effect of cigarette smoking 
on formaldehyde levels in indoor spaces would be negligible. 11 
Guerin', et al. , similarly conclude that "as such, it has been' 
difficult £pr many studies to demonstrate consistently elevated 
levels of formaldehyde due to ETS." 12 (Ex. 8-129, also submitted 
to OSHA as Ex. 3-499) They also conclude: "Studies of offices, 

restaurants, train compartments, and public buildings suggest that 
ETS contributes to the indoor air burden of VOCs but that other 
sources predominate. Major sources include building materials, 
furnishings, cleaning products, office machines, gasoline, and 

combustion sources associated with cooling, heating, and 

% . . 

transportation. 1,12 Clearly, these results indicate that 

contributions from ETS to ambient levels of "irritants" are minimal 
and often indistinguishable from background levels. Any potential 
risk from irritation associated with ETS therefore would be 
addressed with the implementation of OSHA's own Proposed Rule on i 

indoor air quality (a ventilation-based indoor air quality 
standard). ! 


The scientific record is devoid of any data suggesting 
that ETS is an irritant under current workplace exposure levels 
and/or under conditions of adequate ventilation (e.g., outdoor air 
rates specified in ASHRAE 62-1989). OSHA's proposal to reduce 
alleged irritation from ETS through the complete elimination of 
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smoking in the workplace is equivalent to the "regulation of 
insignificant risks." Benzene clearly states that reduction of 
significant risk is not tantamount to elimination of all ’"risk," 
but only the level or range that may be deemed "significant." 

(■ I UP v. API , 44 8 U*S. 649-651) OSHA has failed to determine any 
level of that purported "risk." 


-9- 


Source: https://www.industrydocuments.ucsf.edu/docs/mpdlOOOO 


89999T6Z02 



REFERENCES 


1. Melius, J., et all., "Indoor Air Quality -- the NIOSH 

Experience," Ann Am Conf Gov Ind Hyg 10: 3-7, 1984. 

2. Kirkbride, J., "Sick Building Syndrome: Causes and Effects," 
Health and Welfare Canada, Ottawa, Canada, October 24, 1985. 

3. Collett,' C., et al . "A Database of Problem Buildings: 

Learning by Past Mistakes." In: Present and Future of Indoor 

Air Quality . C. Bieva, et al . (eds.). Amsterdam, Elsevier 

Science Publishers, 413-419, 1989. 

4. Haghighat, F., et al. , "Relationship Between' Occupant 

Discomfort as Perceived and as Measured Objectively," Indoor 
Environ 1: 112-118, 1992. 

5. Hedge, A., et al. , "Indoor Air Quality and Health in Two 

Office Buildings with Different Ventilation Systems," 

Environment International 15: 115-128, 1989. 

6. Pimm, P. , et al. , "Physiological Effects of Acute Passive 

Exposure to Cigarette Smoke," Arch Environ Health 33(4)': 201- 

213, 1978. 

7. Winneke, G. , et all. , "Psychophysiological Response to 

Environmental Tobacco Smoke in an Experimental Social 
Setting." In: Indoor Air Quality . H. Kasuga (ed.). Berlin, 
Heidelberg, Springer-Verlag, 173-183, 1990. 

8. Moschandreas, D., et al., "Perception of Environmental Tobacco 

Smoke Odors: An Olfactory and Visual Response," Atmos Env 

2 6B (3) : 263-269, 1992 . 

9. Erikson, N. , and J. Hoog, "The Office Illness Project in 

Northern Sweden. The Significance of Psychosocial Factors for 
the Prevalence of the 'Sick-Building Syndrome'. A Case- 
Reference Study," Proceedings of Indoor Air '93 3: 1333-337, 

1993. 

10. Hedge, A., et al., "Psychosocial Correlates of Sick-Building 

Syndrome," Proceedings of Indoor Air '93 1: 345-350, 1993. 

11. Godish, T. , "Formaldehyde Exposures from* Tobacco Smoke: A 

Review," AJPH 79(8): 1044-1045, 1989. 

12. Guerin, M. , et al., The Chemistry of Environmental Tobacco 

Smoke: Composition and Measurement . CIAR Monograph Series, 


- 10 - 


Source: https://www.industrydocuments.ucsf.edu/docs/mpdlOOOO 


69999T6Z02 



Max Eisenberg (ed.). Chelsea, Michigan, Lewis 
1992 . 


- 11 - 


Publishers, 


Source: https://www.industrydocuments.ucsf.edu/docs/mpdlOOOO 


2029166670 



SECTION VIII 


MATERIAL IMPAIRMENT: PULMONARY EFFECTS 
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PULMONARY EFFECTS 


OSHA DOES NOT EXERCISE ANY CONSISTENCY OR 
PURPOSE IN ITS CITING OF THE PUBLISHED 
LITERATURE; STUDIES ARE CITED FOR IRRELEVANT 
OR MINOR POINTS, WHILE PERTINENT DATA FROM THE 
STUDIES ARE NOT REPORTED OR DISCUSSED; OSHA 
DOES NOT PRESENT ANY CONCRETE ARGUMENTS TO 
SUPPORT THEIR CONTENTIONS_ 


This is a consistent problem throughout this section of 
OSHA's Proposed Rule on IAQ/ETS. It appears as though OSHA chooses 
irrelevant points from studies so as to be able to reference them, 
while the pertinent data from the studies are ignored in the 
discussion. No critical analysis is presented, and OSHA makes no 
concrete arguments to support its conclusion that there is an 
association between exposure to ETS in the workplace and pulmonary 
effects in nonsmokers. 

OSHA presents data which are irrelevant to a 
discussion of potential pulmonary effects in 
nonsmokers exposed to environmental tobacco 
smoke in the workplace _ 

OSHA's task is to show that there is a significant risk 
of material health impairment in nonsmokers exposed to environ¬ 
mental tobacco smoke in the workplace . OSHA, however, bases its 
"review" of pulmonary effects on one experimental study (Ex. 8-18) 
in humans as well as on several epidemiological studies (Exs. 8-37, 
8-62, 8-148, 8-173, 8-176, 8-178, 8-180, 8-209, 8-210, 8-278, 8- 
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295, and 8-321), most of which examined reported 1 exposures to ETS 
in the home environment. OSHA also discusses several animal 1 
inhalation studies. (Exs. 8-322, 8-204, 8-290, 8-104, 8-45, and 8- 
114) OSHA concludes the following: 

The weight of the evidence shows that exposure 
to ETS results in decreases in pulmonary 
function indices and increases in respiratory 
symptoms in otherwise healthy men and women 
who are exposed to ETS for periods of 10 or 
more years. [lemphasis added] (59 FR 15977) 

Because there are studies available that have examined 
potential effects of exposure to ETS on the respiratory health of 
nonsmoking adults in the workplace , those are the studies which 
should be reviewed and analyzed in this section. OSHA presents no 
critical discussion of the data available from these studies and 
makes no scientifically supportable claims regarding causation. 
Recent reviewers of the pulmonary effects literature (who are 
affiliated with the International Agency for Research on Cancer) 
concluded that "on the basis of the available data, no definite 
conclusion (excluding the acute irritating effect of ETS on 
respiratory mucous membranes) can be drawn." 1 The reviewers' 
conclusions were not discussed in the Proposed Rule. 
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OSHA relies on an experimental exposure 
chamber study which did not examine or make 
any conclusions regarding respiratory 
endpoints in nonsmokers exposed to ETS _ 

OSHA cites a 1983 study by Asano, et al. (Ex. 8-18) 
This study v*as an experimental exposure chamber study of only 20 
subjects, including 5 male smokers, 5 male nonsmokers and 10 female 
nonsmokers., It is unclear why OSHA included this study in the 
pulmonary effects section, since the study reports on non-pulmonary 
endpoints such as systolic blood pressure and heart rate. This 
study is therefore irrelevant to a discussion of potential 
pulmonary effects in nonsmokers exposed to ETS in the workplace. 


OSHA RELIES ON SURVEY REPORTS ' OF NONSMOKERS 
WHO LIVE WITH ONE OR MORE SMOKER (S) ; THESE 
STUDIES SUFFER FROM IMPORTANT FLAWS/ AND DO 
NOT CONSTITUTE THE "BEST AVAILABLE EVIDENCE" 
REGARDING POTENTIAL PULMONARY EFFECTS IN 
NONSMOKERS EXPOSED TO ETS IN THE WORKPLACE 


The epidemiological literature upon which OSHA bases its 
conclusion suffers from a couple of very important problems. 
First, very few of the studies report on workplace exposures to 
environmental tobacco smoke , the very issue OSHA is proposing to 
regulate. Second, the studies contain no actual exposure data. In 
the majority of studies, the estimation of exposure originates from 
questionnaire responses of subjects and/or their spouses and co¬ 
habitants. Even though the studies suffer from these problems, the 
magnitude of the reported decrements in pulmonary function in 

- 3 - 


Source: https://www.industrydocuments.ucsf.edu/docs/mpdlOOOO 


2029166674 



healthy nonsmokers reportedly exposed to environmental tobacco 
smoke, as OSHA itself concedes, is very small and of questionable 
biological or clinical significance. 

Among the epidemiologic studies OSHA chose to rely on are 
several studies of reported home exposures to ETS. The 1985 study 
by Brunekreef, et al. estimated exposure of nonsmoking women in the 
Netherlands by asking the subjects to quantify the number of 
cigarettes smoked daily inside the home by household members. 
While this study, on cross-sectional analysis, reported that 
several pulmonary function parameters appeared to be significantly 
associated with exposure to ETS in the home while others did not, 
the authors also reported that "there was no association between 
[ETS] exposure and pulmonary function decline." (Ex. 8-37) 

Another study referenced by OSHA, a 1981 paper by 
Comstock et al.,. examined reported home exposures of 1,724 adults 
to environmental tobacco smoke. (Ex. 8-62) The authors of this 
study, epidemiologists at the Johns Hopkins University School of 
Medicine, reported: 

The presence of a smoker in the household 
other than the subject was not associated with 
the frequency of respiratory symptoms, and 
only suggestively associated with evidence of 
impaired ventilatory function . [emphasis 
added] 
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A 1989 sttudy by Hole, et al . , is also cited by OSHA. 
(Ex. 8-148) In this paper, "passive smoking" was defined as living 
at the same address as a smoker. Additional attempts to quantify 
exposure involved questioning subjects regarding the number of 
cigarettes smoked daily by their co-habitee. While this study 
reported associations between living with a smoker (as a surrogate 
of ETS exposure) and several respiratory health endpoints in 
nonsmokers, the 95% confidence interval fell below unity for all 
respiratory endpoints (i.e., the associations were not 
statistically significant). 


In the Letter to the Editor written by Kalandidi in 1987, 
which informally reports on a study the author was conducting in 
Greece that suggested exposure to environmental tobacco smoke "may 
contribute to the cause of GOLD [chronic obstructive lung 
disease]," the author writes that the studies on exposure to ETS 
and adult respiratory health contain data that are "equivocal." 
(Ex. 8-173) In 1990, Kalandidi reported these data in a published 
paper. 2 While the data were suggestive of a possible association, 
it is questionable whether the authors adequately considered other 
potential exposures which have been associated with the development 
of COLD such as the extremely high levels of outdoor air pollution 
found in Greece. 
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OSHA cites two studies by Kauffman, et al. The first 
study, published in 1983, reports on home exposures to ETS of 
nonsmoking women married to smokers. (Ex. 8-176) The second 
study, published in 1989, reports on similar data. (Ex. 8-178) 
While the authors reported an association between decreased lung 
function and "passive smoking" in French women, the authors 
reported that "no significant association between passive smoking 
and level of lung function" was apparent in American women. Dr. 
Michael Lebowitz (a member of the EPA's Science Advisory Board 
Committee which reviewed the EPA's Risk Assessment on ETS); has 
questioned the conclusions of the Kauffman study (Ex. 8-176), 
which, as mentioned above, reported significant differences in> lung 
function between exposed and: nonexposed nonsmokers in one part of 
the study population but no significant differences in' the 
population as a whole. Dr. Lebowitz noted that since the 
"healthiest" part of the study population lived in the most 
polluted areas, the study may have been flawed due to biased: 
population selection and testing for other confounding factors. 3 

Since OSHA decided to rely on epidemiologic studies of 
reported FTS exposures in the home, studies of reported home 
exposures not cited by OSHA in its proposed rulemaking warrant 
mention. 4 " 6 In 1983, for example, Jones, et al., reported that in 
a case-control study of several hundred nonsmoking women from a 
U.S. study population, there was no significant association between 
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decreases in lung function and exposure to ETS in the home. 4 
Similarly, Lebowitz, et al. coordinators of an epidemiologic study 
of obstructive lung disease in Arizona, reported no association 
between reported ETS exposures in the home and respiratory health 
in> their adult study population. 5 In a study of 3 76 families, Yale 
University scientists Schilling, et al . , also reported no evidence 
that environmental tobacco smoke affects either lung function or 
respiratory symptoms in adults. 6 

Similarly, OSHA failed to discuss various government 
reviews of the ETS and adult respiratory health literature which 
have generally concluded that there is a negligible association, if 
any , between exposure to ETS and respiratory health effects In 
adult nonsmokers. For example, the 1986 Surgeon General's report 
on ETS concluded: 

• Healthy adults exposed to environmental 
tobacco smoke may have small changes on 
pulmonary function testing, but are unlikely 
to experience clinically significant deficits 
in pulmonary function as a result of exposure 
to environmental tobacco smoke alone. 

Other researchers who have analyzed these reported data 
contend that the results are "mixed and inconclusive." For 
example, researchers in France, Laurent, et al. , have commented 
that purported long-term health effects from exposure to ETS are 
difficult to demonstrate in healthy adults and that the results of 
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the epidemiological studies are "sometimes conflicting and often 
open to question." 7 One investigator who is critical of ETS 
conceded that "the effect of passive smoking on respiratory 
infections in adults has not been well characterized and reports of 
its effects on chronic respiratory disease in adults have been 
inconsistent ' 1,8 

In his summary of the studies on respiratory symptoms and 
diseases in adults published up to early 1990, American 
investigator Dr. Philip Witorsch noted that while "4 of 8 
[reported] an increased frequency, 4 of 8 [reported] no increased 
frequency." He stated that, in addition to "all of the problems" 
with the studies, "these results are too variable to permit any 
conclusion of association." 9 As his summary demonstrates, the 
conclusion of the participants at the 1983 U. S . National Institutes 
of Health workshop on ETS exposure, that the possible effect from 
ETS "varies from negligible to quite small," is still pertinent. 10 

Thus, OSHA's Proposed Rule has not demonstrated a 
significant risk of material impairment to health associated with 
possible pulmonary effects in nonsmokers exposed to ETS in the 
workplace. Both the literature cited by OSHA and additional 
material omitted from the Proposed Rule report data which are 
equivocal and which appear to lack clinical significance. 
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THE EPIDEMIOLOGIC STUDIES WHICH EXAMINED 
REPORTED WORKPLACE EXPOSURES TO ETS IN 
NONSMOKING ADULTS HAVE REPORTED INCONSISTENT 
AND INCONCLUSIVE DATA; THE STUDY UPON WHICH 
OSHA PLACES THE MOST WEIGHT HAS RECEIVED 
SUBSTANTIAL CRITICISM IN THE SCIENTIFIC 
LITERATURE FOR QUESTIONABLE DATA ACQUISITION 
AND ANALYSIS; OSHA FAILS TO ADDRESS ANY OF 
THESE CRITICISMS _ 


OSHA reports on four studies which contain discussions of 
workplace exposures to environmental tobacco smoke. Probably the 
most familiar study mentioned in this section is the 1980 White and 
Froeb study. (Ex. 8-321) While this study is often cited by 
individuals in support of an association between exposure to 
environmental tobacco smoke in the workplace and small airways 
dysfunction in healthy nonsmokers, the study has received 
substantial criticism in the published literature. OSHA does not 
address any of these criticisms in its Proposed Rulemaking. 

In regard to the White and Froeb study, a physician at a 
U.S. medical school questioned their use of carbon monoxide as an 
Index of smoke exposure, contending that they "do not have reliable 
estimates of the smoke exposure in the environment of their 
non-smokers JI because it is not unique to tobacco smoke. 11 A British 
reviewer shared the physician's view that White & Froeb's findings 
"relate to an index which is contentious and certainly not an 
accepted reliable Indicator of an increased health risk. 1,12 White 
and Froeb themselves noted that the average values of the pulmonary 
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tests of nonsmokers exposed to tobacco smoke "Were not notably 
different" from the values suggested as normal by a specialist in 
this area. 13 

perhaps the most telling criticisms of the study were 
voiced by Dr. Michael Lebowitz of the University of Arizona at an 
annual joint meeting of the American Lung Association/American 
Thoracic Society and in a subsequent letter published in the U. S. 
Congressional Record . 14-15 During a forum at the ALA meeting. Dr. 
Lebowitz stated that he had concluded, froim his own extensive 
review of the study and from an interview with White, that the 
study was "improperly designed" from an epidemiological point of 
view. He noted that there were problems "inherent" in the study, 
including the selection of the study group and the measurement of 
smoke in the workplace. Dr. Lebowitz also expressed concern that 
the statistical significance of the data appeared to depend on the 
unexplained omission of data for 3,000 people who were originally 
included in the study. Based upon these considerations, Dr. 
Lebowitz urged that the study not be used to support the claim that 
exposure to ETS in the workplace affects the lung function of 
healthy nonsmoking adults. 

Dr. Lebowitz again took issue with the White and Froeb 
study in a 1984 paper he presented at the Vienna Symposium on 
Passive Smoking. 3 He contended; 
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Even with a biased population, poor study 
design, and incorrect statistical evaluation, 
there were no clear-cut, consistent, medically 
meaningful differences* between passive smokers 
and groups of nonsmokers; a corrected 
statistical analysis strengthened this 
conclusion. 

Fielding! and Phenow, whose conclusion that the "changes" 
reported by White and Froeb were "equivalent to those found in 
light smokers, who smoke from 1 to 10 cigarettes per day" is 
reported by OSHA, also made several highly relevant statements that 
are not mentioned by OSHA. (Ex. 8-102) Fielding and Phenow 
suggest that the data from the studies on ETS exposure and adults 
"have been conflicting" and that "taken together, the limited : data 
on the effect of [environmental tobacco] smoke on adult lung 
function are inconsistent and inconclusive." 

In addition to these concerns, the data from the White 
and Froeb study appear to be inconsistent with other data on lung 
disease and lung function in nonsmokers. For example, a 1984 study 
of 1,351 German office workers by Kentner et al. , reportedly found 
no effect of ETS on pulmonary function among exposed nonsmokers. 
(Ex. 8-180) In a 1988 update of the study, the investigators noted 
that "there is no evidence that average everyday passive smoke 
exposure in the office or home leads to an essential reduction of 
lung function in healthy adults." The key investigator reiterated 
these conclusions in 1989 and 1990 publications. The 1984 study is 
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cited by OSHA in its proposed rule, but no discussion of the study 
or its data is included. 


Two other studies cited by OSHA which report data on 
workplace exposures of nonsmoking adults to ETS suffer from serious 
problems regarding exposure assessment. The Masi (1988) study 
reported on 293 subjects, aged 15 to 35 years old. (Ex. 8-209) 
The study, however, contains such crude "exposure" data that it is 
disturbing that OSHA deems it reliable. Workplace "exposure" to 
ETS was assessed in the following manner: 


Bank employees were asked to [subjectively] 
assess smoke conditions in the work area as 
light, moderate, heavy or unable to quantify. 

.[these categories] were arbitrarily 
converted to number of cigarettes , [lemphasis 
added]! 


Similarly, the authors of the Masjedi (1990) study 
conceded that most of their subjects "were unable to quantify the 
amount of [their] exposure to passive smoke. . (Ex. 8-210); 


THE EPIDEMIOLOGIC AND EXPERIMENTAL DATA 
AVAILABLE DO NOT SUPPORT OSHA'S CONTENTION 
THAT COMPROMISED INDIVIDUALS IN THE WORKPLACE 
HAVE A SIGNIFICANT RISK OF MATERIAL HEALTH 
IMPAIRMENT BECAUSE OF EXPOSURE TO 
ENVIRONMENTAL TOBACCO SMOKE _ 


OSHA claims that although the pulmonary function 
decrements reported to be associated with exposure to ETS in 
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healthy nonsmokers are small and of questionable clinical 
significance, these changes may become significant in persons with' 
already impaired pulmonary function (e .g., asthmatics). In its 
attempt to substantiate this claim, OSHA references two 
experimental-. studies on adult asthmatics exposed to ETS for one 
hour in an exposure chamber. The first study, Knight and Breslin, 
1985, reported on only six subjects, four of whom had previously 
given a positive history of ETS "attacks.* 1 (Ex. 8-182) The 
authors (and OSHA) did not discuss the possibility that 
psychological factors may have played a role in the subjects' 
reported "reactions" to the ETS exposure. 

The second study, by Dahms et all., 1981, reported on ten 
patients with asthma (five of whom were included because they 
reported specific complaints when exposed to cigarette smoke) and 
ten normal patients. (Ex. 8-76) While the authors reported an 
association between exposure to ETS and lung function responses in 
the asthmatic subjects, they reported that "not all subjects showed 
the same pattern of pulmonary responses to the smoke exposure." 
The authors also reported that "we were not able to exclude the 
possibility that these changes in pulmonary function were 
emotionally related to cigarette smoke" [emphasis added]. 
Similarly, the 1986 Surgeon General's report recognized that "in 
this study, subjects were not blinded as to the exposure and were 
selected because of complaints about smoke sensitivity." 
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OSHA also references a 1991 review article by Stanton 
Giantz and Richard Daynard (Tobacco Liability Project) which makes 
several claims regarding exposure to environmental tobacco smoke, 
none of which is supported by a thorough and critical review of the 
scientific^literature available. (Ex. 3-438D) 

OSHA claims that asthmatics are believed to be especially 
sensitive to various environmental influences, including ETS, but 
a thorough review of the scientific data on ETS does not 
convincingly support this contention. There are currently ten 
major studies on ETS exposures among adult asthmatics. Seven of 
the studies are clinical in nature, where exposures to ETS were 
controlled under laboratory conditions. The other three studies 
are population surveys. All of the studies evaluate reports of 
respiratory symptoms such as coughing, wheezing, and irritation 
("subjective complaints") and changes in lung function (an 
"objective" test for lung impairment). 

Only two of the seven clinical studies report objective 
decreases in lung function among the majority of asthmatics exposed 
to environmental tobacco smoke. However, the patients in both 
positive studies were exposed to excessively high and unrealistic 
levels of ETS [15-32 ppm carbon monoxide] , and, as mentioned above, 
the authors of one of the studies conceded that the observed 
effects may have been due to psychological factors. In the 
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remaining five clinical studies, a number of patients reportedly 
complained of subjective symptoms upon exposure to ETS, but 
objective results (i.e., evidence of airways obstruction or 
significant changes in lung flow rates) were not observed in the 
vast majority, of patients. 16 ' 20 

Data from the three population surveys on adult 
asthmatics are generally consistent with data reported: in the 
majority of clinical studies. 21 ' 23 A report of a large-scale 
population survey in the U.S. suggested that ETS exposures in the 
home did not affect either symptoms or pulmonary function in adult 
asthmatics. Another group of U.S. researchers recently reported 
that exposure to ETS did not impair lung function in * the 263 
asthmatic adult subjects studied. The third study reported mixed: 
results for the development of asthma-related symptoms in 
individuals reporting exposures to ETS during childhood and 
adulthood.. 


OSHA FAILS TO DISCUSS THE PROBLEMS IN 
GENERALIZING DATA FROM M EXPOSURE CHAMBER" 
STUDIES TO THE " REAL - WORLD 11 SITUATION 


As mentioned above, the conditions under which asthmatic 
patients are exposed to ETS in these studies are of questionable 
relevance to "real-life" exposures. The Surgeon General, in the 
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1986 report on ETS, conceded that exposure chamber studies may not 
be indicative of the "real world" situation; 


Acute exposure in a chamber may not adequately 
represent exposure in the general environment. 
Biases in observation and the in [sic] 
selection of subjects and the subjects' own 
expectations may account for the widely 
divergent results. Studies of large numbers 
of individuals with measurement of the 
relevant physiologic and exposure parameters 
will be necessary to adequately addtess the 
effects of environmental tobacco smoke 
exposure on asthmatics. 


THE MAJORITY OF ANIMAL STUDIES REFERENCED BY 
OSHA ARE STUDIES OF MAINSTREAM TOBACCO SMOKE 
AND ARE NOT RELEVANT TO A DISCUSSION OF 
POTENTIAL PULMONARY EFFECTS IN NONSMOKING 
ADULTS EXPOSED TO ENVIRONMENTAL TOBACCO SMOKE 
IN THE WORKPLACE _ 


Although OSHA refers to the studies in this section as 
experimental "ETS" studies, the majority of the studies are 
mainstream smoke studies which have little or no relevance to ETS 
issues. ETS is not the same as either mainstream or sidestream 
smoke. For a complete discussion of this issue, please refer to 
the section on exposure issues in this submission. 


OSHA mentions isolated conclusions from several 
experimental animal studies but makes no attempt to explain how 
these data relate to real-life ETS exposures of nonsmoking adults 
in the workplace . OSHA also does not make any attempt to explain 
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the physiological or clinical significance, if any, of the reported 
data. Nor does OSHA address the apparent inconsistencies in the 
reported data. For example, "effects" may be reported' in one 
species but not in another. 

OSHA makes no attempt to explain the relevance, if any, 
of these high-dose experiments in animals to real-life workplace 
exposures in humans, even when some of the studies from which they 
report data acknowledge that these exposure levels are extreme when 
compared to the "real world" of "smoke-filled" restaurants or 
offices. OSHA # s responsibility ini this proposed rulemaking is to 
show that workplace exposures to ETS are likely to result in' 
material health impairment in non-smoking adults . They have failed 
to substantiate this claim. 


- 17 - 


Source: https://www.industrydocuments.ucsf.edu/docs/mpdlOOOO 


89999T6Z0Z 



OSHA FAILS TO REFERENCE MUCH OF THE RELEVANT 
LITERATURE SUBMITTED IN RESPONSE TO THE OSHA 
RFI IN 1992 _ 

OSHA presents no critical discussion of 
potential confounding factors, merely stating 
that the studies "varied" in their 
consideration of such factors and that 
"several studies" have examined Isolated 
^airiables; OSHA makes no statement regarding 
the adequacy of control for such factors in 
these studies _ 


In the Proposed Rule, OSHA presents selected data on the 
possible association between exposure to ETS and decreased 1 
pulmonary function' in adult nonsmokers. Philip Morris submitted 
much of the literature which OSHA has omitted from its Proposed 
Rule to the docket for the RFI in 1992. (Ex. 3-1074) For a 
discussion of this literature, please see the response to question 
2(a)Iii in Ex. 3-1074. A discussion of confounding factors, which 
OSHA does not provide in its Proposed Rule, is also presented in 
that section of Ex. 3-1074. 


OSHA, while conceding that the studies on ETS 
exposure and pulmonary effects in nonsmoking 
adults "vary by numerous factors," makes no 
apparent attempt to explain why these 
variations are given no importance in their 
'analysis” of the literature _ 


OSHA does not elaborate on its statement that the studies 
on ETS exposure and respiratory effects in nonsmoking adults "vary 
by numerous factors, such as the population studied, the measures 
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used to estimate exposure to ETS, and the physiologic and health 
outcomes examined." While other reviewers of this body of 
literature have concluded that it is difficult, if not impossible, 
to make any definitive conclusions from these data, OSHA attempts, 

‘V 

but fails . to make a case for causation. 
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SECTION IX 

MATERIAL IMPAIRMENT; REPRODUCTIVE EFFECTS 


Source: https://www.industrydocuments.ucsf.edu/docs/mpdlOOOO 


2029166694 



REPRODUCTIVE EFFECTS 


OSHA'S PROPOSED RULE LACKS CONSISTENCY IN ITS 
DEFINITION OF »ETS EXPOSURE DURING PREGNANCY” 

I ft some instances, OSHA appears to be discussing the 
potential effects on the fetus that may be associated with active 
smoking of the mother during pregnancy. At other times, the 
authors of the Proposed Rule are discussing ETS exposure of the 
mother during pregnancy. Active smoking of the mother during 
pregnancy is not synonymous with ETS exposure. OSHA's task is to 
show that there is a significant risk of material health impairment 
in fetuses whose mothers are exposed to ETS at work during their 
pregnancies ., The studies referenced by OSHA which examine active 
smoking during pregnancy are irrelevant to this discussion. 


The majority of the studies OSHA references in 
this section are irrelevant because they deal 
with active smoking of the mother during 
pregnancy, not ETS exposure of the mother 
during pregnancy; ETS and mainstream tobacco 
smoke are not equivalent _ 


A detailed discussion of the differences between ETS, 
sidestream and mainstream tobacco smoke is provided in exposure 
section of this submission. 
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OSHA provides a brief, selective and seemingly 
irrelevant discussion regarding the possible 
association between workplace ETS exposures of 
nonsmoking pregnant women and various adverse 
reproductive outcomes _ 


OSHA claims that "other reproductive effects that have 
been ascribed to maternal ETS exposure include miscarriage, an 
increase in congenital abnormalities, and numerous other 
physiological effects." (59 FR 15979) As references for this 
section, OSHA provides citations to the Taylor and Wadsworth (1987) 
study. (Ex. 8-299) This study examined active maternal smoking and 
reported no data on ETS exposures during pregnancy . OSHA also cites 
a response to a Letter to the Editor by Ira Tager. (Ex. 8-2 97) In 
this letter, Tager makes no mention of "other physiological 
effects" in infants born to mothers reportedly exposed to ETS 
during pregnancy and states the following regarding this issue: 

In discussing the harmful effects of passive 
smoking [during pregnancy], it is important to 
point out that there is no body of data that 
absolutely proves that harmful effects will be 
experienced. 

OSHA also claims that "the effects of environmental 
[tobacco] smoke exposure on the fetus may have long-term sequelae 
into childhood and adulthood." (59 FR 15979) The first three 
studies cited by OSHA make no mention of any purported "effects" of 
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ETS exposure during pregnancy on^ the fetus. (Exs. 8-53, 8-181, 8- 
213) The fourth study cited by OSHA is a study of active maternal 
smoking during pregnancy. (Ex. 8-225) OSHA also references a CDC 
survey which provides no information, conclusions, or data 
regarding the possible effects of maternal ETS exposure during 
pregnancy. (Ex. 8-51) Finally, OSHA again cites the response to 
the Letter to the Editor by Ira Tager outlined above. (Ex. 8-297) 

OSHA states that exposure to ETS may be "reflected in the 
growing child as reductions in lung development" and that "this is 
especially relevant if that child continues to be exposed to ETS 
throughout childhood and into adulthood." (59 FR 15979) OSHA again, 
references the Tager letter above to support this point. (Ex. 8- 
297) It also cites a paper which reports: 


Paternal smoking does not appear to be the 
environmental exposure leading to both 
childhood respiratory illness and adult 
chronic air-flow limitation, [emphasis added] 
(Ex. 8-177): 


OSHA DOES NOT PROVIDE A BALANCED AND COMPLETE 
DISCUSSION OF THE LITERATURE AVAILABLE, I.E. , 
OSHA FAILS TO MENTION STUDIES WHICH REPORT NO 
ASSOCIATION BETWEEN EXPOSURE TO ETS DURING 
PREGNANCY AND ADVERSE REPRODUCTIVE OUTCOMES 


In 1992, one group of researchers examined the issue of 
maternal ETS exposure during pregnancy and spontaneous abortion 

- 3 - 


Source: https://www.industrydocuments.ucsf.edu/docs/mpdlOOOO 


2029166697 


(miscarriage). 1 Although the authors reported that paternal 
smoking was not associated with spontaneous abortion (after 
consideration of other independent risk factors), exposure to ETS 
from sources other than the father was reportedly associated with 
an increased risk of miscarriage. This is surprising considering 

''v' 

that fact that the authors observed no excess risk of spontaneous 
abortion among "moderate" smoking mothers or among those who 
actively smoked an average of more than 20 cigarettes per day in 
the first trimester. The inconsistent and contradictory data from 
this study appear to be the result of inadequate control for other 
factors... 


Other research has suggested possible associations 
between maternal exposure to ETS during pregnancy and infant size, 
premature labor and neonatal asphyxia. 2 In contrast, Savitz, et 
al., reported that they could provide "no definitive evidence" of 
an association between paternal smoking and any birth defect. 3 
Other authors similarly have reported no associations between 
maternal exposure to ETS during pregnancy and the Incidence of 
heart defects, 4-5 premature rupture of amniotic membranes, 8 
strabismus (an eye disorder) 7 and various other birth defects. 8 

Although several isolated studies have suggested an 
association between reported exposures to ETS during pregnancy and 
various conditions in the infant, the data must be considered both 
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inconclusive and, in the words of one scientist, "controversial." 9 
Another author has suggested: 


Much remains to be done in order to determine 
whether ETS has any effect on human 
reproduction or development. Improvements in 
design of epidemiologic studies of ETS 
effects, particularly in the areas of exposure 
assessment and validation and elimination of 
confounders, are especially important. In 
addition, appropriate animal studies would be 
helpful in allowing definitive conclusions to 
be drawn. 10 


DESPITE THE IRRELEVANCE OF MUCH OF THE 
LITERATURE OSHA CITES, OSHA STILL FAILS TO 
PROVIDE A CRITICAL DISCUSSION OF THE PROBLEMS 
INHERENT IN SUCH EPIDEMIOLOGICAL STUDIES 


Probably the most important problems in epidemiologic 
studies are the lack of quantitative exposure data and the lack of 
adequate control for potential confounding factors. Exposure 
estimates in these studies are based on questionnaire information, 
the validity of which have been questioned repeatedly in the 
scientific literature. 10 OSHA conveys the impression that 
confounding factors have been adequately ruled out in these 
studies. OSHA fails to mention data which, after being adjusted: 
for other factors, have failed to reach statistical significance. 
The control of confounding variables is of extreme importance in 
ETS studies examining birth weight. ETS exposure has been shown to 
"correlate positively with a number of known determinants of 
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decreased birth weight," including lower socioeconomic status and 
poor nutrition. 10 Another group of authors suggests that "it is 
generally believed that birth weight, perinatal mortality and other 
measures of reproductive health are sensitive markers of social 1 
conditions . 1,11 

OSHA claims that confounding factors have been adequately 
ruled out as an explanation for the reported association between 
paternal smoking and reductions in infant birthweight. OSHA 
mistakenly arrives at this conclusion by taking factors that were 
controlled for in a few of the studies and generalizing to the 
entire population of studies. 

In addition to these general problems, there are problems 
specific to the studies OSHA chose to cite in Its Proposed Rule. 
For example, to support its .statement that "data on the 
reproductive effects due to the exposure of nonsmoking pregnant 
women to ETS has been presented in many studies," OSHA references 
two abstracts and six papers. (Exs. 3-438, 8-92, 8-174, 8-208, 8- 
273, 8-285, 8-287, 8-299) A complete review of the statistical 
procedures and methods, let alone the data, cannot be performed on. 
abstracts. 


There are also problems specific to several of the papers 
cited by OSHA. For example, the Martin & Bracken paper reported 
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that women who were reportedly exposed to someone else's cigarette 
smoke for at least two hours per day, either at home or at work, 
during pregnancy delivered infants that were, on average, 24 grams 
lighter than the infants of women who were reportedly not exposed 
to ETS. (Ejc. 8-208) This relationship was not statistically 
significant. This paper is also used to provide support for OSHA's 
statement that "passive exposure to tobacco smoke is estimated to 
double the risk of low birthweight in a full-term baby." (59 FR 
15979) While the authors reported a relative risk of 2.7 (95% 
confidence interval 1.05-4.50) for a subgroup of the women, when 
all women with full-term deliveries were included in the analysis 
there was no statistically significant relationship between 
reported exposure to ETS during pregnancy and a reduction in infant 
birthweight. As one author wrote in 1990: 


The analyses reported by Martin and Bracken 
(1986) are inconsistent and difficult to 
interpret. This may be due, at least in part, 
to the authors' use of a relatively crude 
estimate of ETS exposure. Their findings 
would have been more meaningful if further 
information had been available regarding 
exposure intensity and duration. Further, 
since questionnaire data were solicited early 
in gestation, intensity and duration of ETS 
exposure may have changed ; considerably for a 
number of subjects over the remainder of 
pregnancy. 

Potentially important confounders, such as 
maternal weight and the child's sex, were 
apparently not determined during the data 
collection, and thus were unavailable for the 
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analysis, although such variables may 
significantly influence birth weight. 

It is puzzling that the authors used 
statistical significance as the criterion for 
inclusion of potential confounders In their 
multiple regression analyses when, according 
to various experts, this may eliminate 
important confounders (e.g., because of low 
Statistical power or multicolllnearity) . 10 

It should not, then, be surprising that' Martin and 

Bracken conceded that " whether the association found [between 

decreased infant birthweight and ETS exposure during pregnancy] is 

due to passive smoking or to some other related factor is unclear 11 

[emphasis added]. 


The Rubin (1986) paper reported that each pack of 
cigarettes smoked by the father each day during a mother's 
pregnancy was associated with a 120 gram reduction in the 
offspring's birthweight. (Ex. 8-273) However, even a reviewer who 
is critical of parental smoking, Trichopoulos, has stated that the 
reported reduction in birthweight reported by Rubin was 
"extraordinarily large" probably because of poor control for 
confounding factors. 12 Similarly, another author wrote the 
following regarding the 1986 Rubin paper: 


An ETS effect of this relative magnitude seems 
improbable, however, when the relative degrees 
of exposure are considered., Moreover, in 
their regression analysis of paternal smoking 
effects, the authors failed to include 
interaction terms. This is true even' though 
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they reported finding a significant 
interaction between social class and paternal 
smoking effects, and earlier studies had 
reported- interactions between effects 
associated with maternal and paternal smoking 
status. Rubin and coworkers failed: to control 
for a number of other potential confounders as 
well. 10 


A study which reports the following is also cited by 


OSHA: 


We report negative results on induction of 
chromosomal damage in 2 separate groups of 
intensive involuntary exposure to tobacco 
smoke, non-smoking restaurant personnel and 
newborn' children of smoking mothers. (Ex. 8- 
287) [emphasis added] 


Finally, the other study cited by OSHA is a paper on the 
possible effects of active smoking by the mother during pregnancy. 
(Ex. 8-299) The paper contains no data on pregnant mothers who are 
exposed to ETS in the workplace during pregnancy. 

OSHA fails to discuss a number of other studies which 
have reported no statistically significant associations between 
maternal exposure to ETS during pregnancy and the delivery of low 
birthweight infants. 13 " 19 In fact, one study considered 57 different 
risk factors for low birthweight infants and reported that paternal 
smoking (as an index of exposure to ETS) had no statistically 
significant effect on infant birth-weight. 1 ' 3 
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OSHA does not provide a detailed discussion 1 of the 
clinical significance, if any, of the reported decrements in infant 
birthweight allegedly associated with ETS exposure of the mother 
during pregnancy. 

OSHA'S CLAIM THAT PRENATAL EXPOSURE TO ETS AND 
EXPOSURE TO ETS AS A CHILD MAY INCREASE AN 
INDIVIDUAL'S CANCER RISK BY A FACTOR OF TWO IS 
UNSUPPORTED BY A THOROUGH REVIEW OF THE 
AVAILABLE LITERATURE _ 

In an attempt to substantiate its claim regarding the 
possible risk of cancer in nonsmokers exposed either prenatally or 
as a child to ETS, OSHA cites three papers. (Exs. 8-65, 8-164, 8- 
252)' The first study reported an association between exposure to 
maternal smoking during childhood and an increase in lung ; cancer 
risk in nonsmokers in only one subgroup of subjects . Janerich et 
al. , 1990, reported only one statistically significant risk 
estimate out of 13 exposure categories. The third reference is a 
reply to a Letter to the Editor regarding the Pershagen 1987 study 
(which itself is not referenced by OSHA) . (Ex. 8-252) The 
Pershagen study reported "no consistent evidence of an effect," and 
the 95% confidence interval encompassed 1.0 for both histologic 
groups. Therefore, the studies' risk estimates were not 
statistically significant 


- 10 - 


Source: https://www.industrydocuments.ucsf.edu/docs/mpdlOOOO 


2029166704 



The two studies and the Letter to the Editor cited by 
OSHA examine the potential effect on an individual's cancer risk 
from exposure to parental smoking during childhood . These studies 
are therefore irrelevant to a discussion of potential health 
effects on *the fetus from exposure of the mother to ETS in the 
workplace during her pregnancy. Nonetheless, a reviewer of this 
literature concluded that "the data do not indicate any association 
at all between risk of lung cancer in never smokers and exposure to 
ETS at work, or in childhood." 20 


OSHA PROVIDES A REFERENCE TO ONE EXPERIMENTAL 
ANIMAL STUDY WHICH IT CLAIMS IS SUPPORTIVE OF 
THE CONTENTION THAT EXPOSURE OF PREGNANT 
MOTHERS TO ETS IN THE WORKPLACE PRESENTS A 
SIGNIFICANT RISK OF MATERIAL HEALTH IMPAIRMENT 
TO THE FETUS_ 


Although OSHA acknowledges that "experimental research on 
the adverse reproductive effects associated with ETS exposure in 
animals is limited," they do report on one study. (Ex. 8-6) This 
study reported that sciatic nerve tissue taken from the offspring 
of fresh sidestream smoke-exposed female mice revealed "definite 
toxic effects" on the neonatal tissue. There are several 
limitations of this study. Probably the most important is the 
small sample size. The authors reported data on only six exposed 
offspring and six controls. In addition, COHb levels of the 
exposed pregnant mice were 9%, which the authors report is 
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equivalent to that found in humans who actively smoke 10-20 


cigarettes per day. M As one author suggested, studies which 
simulate mainstream smoke and employ levels equal to or greater 
than those expected from active smoking generate data which "are 

not appropriate for assessment of the likelihood or nature of ETS 

v 

effects." The author also suggested that the authors of such 
studies should realize that "careful attention must be given to 
ensure that observed effects are not simply the result of maternal 
toxicity and systemic stress resulting from excessive doses." 10 

The authors of this study themselves also noted that 
these reported changes have been observed in other studies, 
including studies of the diabetic strain of the C57BL/KsJ mouse and 
in' studies of decreased maternal food intake. They concede that 
"the irregularities noted in our investigation could be attributed 
to causes other than cigarette smoke inhalation as previous studies 
demonstrate." 
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SECTION X 

MATERIAL IMPAIRMENT: GENOTOXICITY 
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GENOTOXICITY 


OSHA FAILS TO JUSTIFY ITS INCLUSION OF 
GENOTOXICITY AS A SEPARATE CATEGORY UNDER THE 
MAJOR HEADING OF "HEALTH EFFECTS"; OSHA FAILS 
TO SHOW THAT GENOTOXICITY IS A MATERIAL 
IMPAIRMENT TO HEALTH _ 


Genotoxicity- refers to damage to DNA (the hereditary 
material). Permanent, heritable changes in the DNA are called' 
mutations, and may be examined in tests for mutagenicity, such as 
the Ames test, in which mutation rates are measured in a particular 
strain of bacteria. Some correlations have been made between 
mutagenicity and carcinogenicity (the ability to- induce cancer) . 

Other tests used to assess genotoxicity include the 
sister chromatid exchange (SCE) assay, which measures the frequency 
of exchange of portions of genetic material between two identical 
strands of DNA, and the chromosome aberration (CA) assay, which 
measures structural irregularities in strands of DNA. DNA adducts, 
abnormal configurations or clumping of the genetic material, may 
also be examined. 

All forms of life are constantly exposed to physical and 
chemical agents in the environment (e.g., radiation) and to 
endogenous (internal) agents with the ability to cause changes in 
DNA. DNA has been called an "unstable" molecule, and it has been 
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noted that endogenous DNA damage may occur at the rate of 100,000 


base pairs per cell, per day . 1,2 

According to Bruce Ames, developer of the Ames assay for 
mutagenicity, human exposure to potentially mutagenic or 
carcinogenic substances is much greater than generally appreciated, 
e.g., the environment can be thought of as "filled with potential 
carcinogens." 2 

Moreover, conclusions about genotoxicity obtained' from in 
vitro systems, while certainly providing some information about the 
substance being tested, must nevertheless be put into the proper 
biological context. The magnitude of a genotoxic response in the 
whole organism may be substantially different than that observed in 
a bioassay. As Ames and Gold noted 3 ; 


[Hlumans have numerous inducible defense 
systems against mutagenic carcinogens, such as 
DNA repair, antioxidant defenses, glutathione 
transferases, and so forth . . . [IL] ow doses 

of carcinogens appear to be both much more 
common and less hazardous than is generally 
thought. 


Given the ubiquity of mutagens in the environment and the 
existence of numerous "defense systems" against mutagens, OSHA h^^ 

not provided sufficient information in the Proposed Rule to suppor© 

rO 

09 
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its treatment of genotoxicity as a "health effect" or to establish 
genotoxicity as a material impairment to health. 


OS HA' S REVIEW OF THE LITERATURE ON THE CLAIMED 
GENOTOXICITY OF ETS IS INCOMPLETE; A REVIEW OF 
ADDITIONAL RELEVANT STUDIES PROVIDES NO 
SUPPORT FOR OSHA'S CLAIM _ 


OSHA's discussion of genotoxicity begins with a series of 
statements about the claimed correlations between genotoxicity and 
carcinogenicity. (Section II.C.7., 59 FR 15981) OS HA fails to 
provide references in support of these statements, although they 
appear to be OSHA's justification for discussing genotoxicity. 

The Proposed Rule then contains a discussion of a number 
of studies in which cigarette smoke or cigarette smoke condensate 
was tested in the Ames Salmonella tvphimurium assay, and an 
increased mutation rate was reported. OSHA's inclusion of studies 
dealing with mainstream and sidestream smoke again reveals the 
misconception pervading the Proposed Rule that ETS, mainstream, and 
sidestream smoke are equivalent. 

OSHA omitted at least one relevant study from this 
discussion in the Proposed Rule. In 1991; Bombick, et al., 
reported on a cellular smoke exposure techniques using rat liver 
cells and the Ames Salmonella assay. After a three-hour exposure 
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using ETS at a concentration of 1.5 mg total particulate matter/m?, 
the authors report 4 : 


Using the neutral red cytotoxicity and Ames 
mutagenesis assays there were no differences 
observed in the ETS-exposed cells and their 
pective room air controls, indicating that 
ETS was biologically inactive as tested . 

[emphasis added] 

The Proposed Rule also discusses studies reporting that 
various constituents and extracts of ETS collected from indoor air 
are capable of inducing mutations in the Ames assay are also 
discussed. (Exs. 4-202, 4-5, 4-198, 4-201, 4-2031 However, the 

significance of such reported findings has not been established. 
Virtually all air samples, whether in the presence or absence of 
smoking, can be shown to be mutagenic in various bioassays. 
Indeed, no substance, including foods and natural materials, has 
been unequivocally shown to be free of mutagenic and/or 
carcinogenic properties. 

Of relevance, a study not cited by OSHA has reported that 
sidestream smoke exhibits reduced activity as it ages and becomes 
diluted, that is, as it becomes ETS. 5 Sonnemfeld and Wilson^ report 
on an experiment in which cultured mouse fibroblast-like cells 
were exposed to mainstream or sidestream smoke of various ages. In 
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this report, cytotoxicity (cell mortality) is used as a measurement 
of DNA damage sufficient to- cause cell death. The authors write: 


Aging of SS smoke resulted in a rapid decline 
in the mortality generated by the smoke. As 
calculated from the linear regression curve, 
an increase in age of SS smoke of 30 [seconds] 
after generation would have resulted in a 
total loss of cytotoxic effects. [emphasis 
added] 


The Proposed Rule almost completely overlooks 
genotoxicity studies using bodily fluids of 
persons exposed to ETS; these data do not 
allow a conclusion about genotoxicity to be 
reached__ 


One area of research essentially overlooked in OSHA's 
Proposed Rule comprises those studies that have compared the 
mutagenicity of body fluids of nonsmokers exposed to ETS and 
nonsmokers not exposed to ETS. Several of these studies report no 
significant difference in mutagenic activity. 6 10 (Ex. 8-152) 

For instance, in research by a team of German: 
researchers, ten nonsmokers were exposed to ETS, generated by human 
smokers, for eight hours under two exposure conditions. 9 The two 
experiments were characterized by CO levels of 10 ppm and 25 ppm, 
respectively; according to the authors, both exposure regimes 
represent higher exposures than "real-life" situations. Elsewhere, 
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they described Experiment 2 as "far from being realistic," 6 and 
bearing "no relation to a real-life situation." 8 In addition, the 
authors controlled for the effect of mutagens from the diet by 
keeping their subjects on a diet low in polycyclic aromatic 
hydrocarbons. Urine samples from both smokers and nonsmokers were 
tested in the Ames Salmonella assay. The authors report: 9 


All urine extracts of ETS exposed: non-smokers 
were found to be negative in the mutagenicity 
test when applying the [criterion] of Ames 
(doubling of spontaneous mutation rate). 


Thus, even at exposure levels higher than would be expected 1 on 
average, no increase in mutagenicity could be measured. These data 
do not support claims that ETS exposure is associated with an 
increase in mutagenic activity. 


Citing the high variability of measures of urinary 
mutagenicity and questions about the relevance of increased urinary 
mutagenicity to cancer risk, the authors write: 8 


These considerations lead to the conclusion 
that measuring the urinary mutagenic activity, 
at least in passive smokers, is not an 
appropriate method of predicting an increased 
risk to human health. 


The authors also say: 8 
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The data suggest that nonsmokers in real-life 
situations take up very low doses of ETS 
constituents, and detoxification of the 
genotoxic substances inhaled is effective. 


And: 10 


Whether ETS exposure can lead to an elevated 
urinary mutagenicity is a matter of 
controversy. In most investigations no 
significant increase has been observed. . .. . 

In our experience, the Ames test for detection 
of urinary mutagenicity is far too insensitive 
to assess such a low exposure. The results of 
our investigations, as well as those of other 
authors, suggest that urinary mutagenicity, 
which would be a potential marker for ETS 
particle exposure, remains unchanged after ETS 
exposure. 


The few studies reporting statistically significant 
increases in urinary mutagenicity among individuals exposed to ETS 
did not employ realistic levels of exposure to ETS, and they did 
not control adequately for the presence of mutagens in the diet of 
the study subjects. 11 ' 13 For instance, in the Bos, et al., study, 
the exposure condition consisted of the smoking of 157 cigarettes 
over six hours in a room with "poor ventilation." 11 The relevance 
of such an exposure to "real-life" conditions is certainly 
questionable. With respect to diet, Bartsch, et al. , acknowledge, 
concerning their study, that 13 
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Urinary mutagenicity is influenced also by 
dietary habits; although we collected 
information on diet, the dimension of the 
study (particularly as far as passive smokers 
are concerned) does not allow adequate 
statistical treatment of this potential 
confounding factor. 


Other related studies have examined levels of various DNA 
changes in nonsmokers exposed to ETS. 1 ' 14 * 17 (Exs. 8-152, 8-287) 
Based on the data presented in these studies, nonsmokers exposed to 
ETS do not appear to exhibit increased DNA adduct formation, nor do 
studies report increased levels of chromosomal changes in cells of 
nonsmokers exposed to ETS. Discussion of these studies follows. 


Collman, et al., collected data from 16 nonsmokers, 15 
“passive smokers'" (currently living with one or more smokers) ,, and 
13 current smokers, all women. 14 Sister-chromatid exchange (SCE) 
frequencies in lymphocytes (a type of white blood cell) were 
compared with and without coincubation with a chemical that 
enhanced the frequency of SCEs. Based on both assays, the authors 
report that "the frequency of SGEs in persons passively exposed to 
smoke was not higher than in nonsmokers." 

In a report by Husgafvel-Pursiainen, peripheral blood 
lymphocytes were examined for SCE frequency. 15 Study groups 
consisted of 12 smoking waiters and waitresses, 20 nonsmi 
waiters and waitresses who were occupationally exposed to ETS, an 
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14 nonexposed office workers. The author reports that "[t]he mean 
SCE level in exposed non-smokers did not differ from that observed 
in the non-exposed group." Although no ETS measurements from the 
restaurants were reported, the author characterizes them as 
"heavily polluted," and the exposure as "long-term." This study, 
which reports data from persons exposed in a "real-life" situation, 
does not support claims of the genotoxicity of ETS. 

Chromosomal aberrations (CAs) and SCEs were examined in 
peripheral blood lymphocytes from nine smoking waiters, 16 
nonsmoking waiters exposed to ETS at work, and 7 reportedly 
nonexposed nonsmokers by Sorsa, et al. (EX. 8-287) The authors 
report that " [n] o significant differences were seen between the 
groups or subgroups in the 2 parameters." Thus, no "genotoxic" 
effects could be detected: in persons exposed to ETS at "real-world" 
levels. 


Holz, et al. , report that DNA adduct levels were compared 
in monocytes (a type of white blood cell) of smokers and "heavily 
exposed passive smokers, " who had been exposed in a chamber. 16 DNA 
adducts above background were reported in smokers; they disappeared 
in less than 40 hours. The authors report no above-background 
adduct levels in study subjects exposed to ETS. 
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In a study by Gorge Is , et al . # , 50 self-reported ETS - 
exposed men ("passive smokers"; average 72.8 hours exposure per 
week) were compared with 56 self-reported low ETS-exposed men 
(average 5.1 hours per week) . 17 SCEs in cultured lymphocytes were 
examined; the authors reported that "[n]!o difference was observed 
between low exposed non-smokers and the passive smokers. 1,1 They 
concluded: 


Our results are in accordance with previous 
smaller studies in less homogeneous 
populations of non-smokers. These studies 
also failed to demonstrate even a tendency for 
an association between passive smoking and SCE 
levels. . . . 


Five male smokers, five male nonsmokers, and five male 
nonexposed nonsmokers were compared in Holz and colleagues' 1993 
paper. 1 The endpoint examined was DNA single-strand breaks (SSBs), 
"considered to be an important parameter of genotoxic stress," in. 
lymphocytes. The authors write: 


All probands revealed measurable and varying 
SSB levels. Since DNA is an unstable molecule 
and estimated endogenous damage exceeds 100000 
affected base pairs per cell per day, we 
assume that SSB base levels reflect unrepaired 
lesions. Active smoking caused an increase in 
SSBs in peripheral blood lymphocytes. This 
effect could not be found in passive smokers . 
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ETS exposure in this study consisted of five smokers each smoking 
24 cigarettes in eight hours in an exposure chamber. This study 
provides no support for claimed genotoxic effects of ETS, even' at 
a high exposure level. 


Conclusion 


This review of data from studies in which genotoxicity 
was assessed in persons actually exposed to ETS thus provides 
little, if any, support for the contention that ETS is genotoxic at 
levels encountered in workplaces and other indoor environments. 
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SECTION XI 

THE PROPOSED RULE ON ETS: 
FEASIBILITY AND ALTERNATIVES 
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OSHA'S PROPOSED RULE ON ETS; 
FEASIBILITY AND ALTERNATIVES 


OSHA HAS NOT DEMONSTRATED ANY CONTRIBUTION OF 
ETS TO CONSTITUENT LEVELS ABOVE BACKGROUND 
LEVELS IN THE WORKPLACE; OSHA HAS NOT MADE A 
DETERMINATION OF “SIGNIFICANT RISK" FOR 
AMBIENT ETS EXPOSURE LEVELS; OSHA FAILS TO 
PROVE THAT ETS CANNOT BE ADDRESSED THROUGH 
PROPER VENTILATION; OSHA FAILS TO EXPLORE 
ALTERNATIVES TO SMOKING BANS _ 


OSHA states that the "primary objective of the tobacco 
smoke provision is to eliminate the nonsmoker's exposure to ETS. 
Under the Proposed Rule, firms will have the option of either 
banning smoking of tobacco products or permitting smoking only in 
designated areas." (59 FR 16016) The designated smoking area must 
be completely enclosed with a separate exhaust directly to the 
outside. In addition, the area must be negatively pressurized to 
prohibit exposure of any ETS constituent outside the designated 
area. (59 FR 16029) The Proposed Rule on ETS, according to OSHA, 
reduces "significant risk of material health impairment to the 
extent feasible." (59 FR 16013) 


The Proposed Rule, however, does not explain why the 
complete elimination of ETS is required or how the studies that 
OSHA selected for its analysis of significant risk warrant the 
complete elimination of ETS. According to a recent court opinion 
( AFL-CIO v. OSHA . 965 F.2d 962, *975), OSHA's determination that a 
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new standard is "reasonably necessary or appropriate" and that it 
"most adequately assures . . . that no employee will suffer 

material impairment of health or functional capacity, 
necessarily requires some assessment of the level at which' 
significant risk of harm is eliminated or substantially reduced." 
OSHA does not provide an assessment of the level of "significant 
risk of harm." That is because its analysis of significant risk 
for ETS is based upon two epidemiologic studies that are 
inconsistent with the body of evidence on health effects from 
workplace exposures to ETS, and from which estimated risks are 
generated without reference to actual ambient measures of ETS 
exposures. 


OSHA provides no reason for setting its ETS standard at 
"zero" exposure. The zero level of exposure does not follow from 
OSHA' s analysis of significant risk. It does not follow from 
OSHA's contention that its ventilation-based IAQ standard will not 
be effective in the removal and dilution of ETS constituents 
because "air exchange rates in non-industrial workplaces are not 
designed to control the risks of ETS exposure" (59 FR 15991), or 
because "the carcinogenicity of ETS discounts the use of general 
ventilation as an engineering control for this contaminant." (59 
FR 15992) As discussed in Section IV of this submission, ordinary 
air in public places and workplaces contains many of the same 
substances imputed to ETS, in the complete absence of smoking. 
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Such substances, some of which are designated as "carcinogens" by 
OSHA, are produced by many common sources, and complete removal of 
ETS from the ambient air will not eliminate exposures to them. 
Moreover, some individual constituents found in both indoor air and 
ETS are already regulated by OSHA. OSHA establishes permissible 
exposure levels to such airborne substances presumably at levels 
protective of employee health and at which no significant risk of 
material impairment exists. The levels of exposure are typically 
far greater than any actually generated by ETS. OSHA's own' 
Proposed Rule on IAO does not call for the complete elimination of 
such substances, some of which are "carcinogens," but for the 
reduction of exposures to an "acceptable" level by ventilation'. 

OSHA thus has not demonstrated the extent to which ETS 
contributes to constituent levels above background levels in the 
workplace, it has not made a determination of "significant risk" 
for ambient ETS exposure levels, and it fails to prove that ETS 
cannot be addressed through proper ventilation, as spelled out in 
its own IAQ standard. 

While the complete elimination of ETS is achievable 
through a smoking ban,* the complete elimination of the same 

*. OSHA's rulemaking on ETS is directed at stopping the smoker 
rather than "protecting" the nonsmoker. A smoking ban with 
the express purpose of altering smoking behavior may be seen 
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constituents from other sources is not possible. If a 
comprehensive indoor air quality standard were truly the goal of 
the Proposed Rule on IAQ and ETS, then OSHA would have explored 
alternatives that are functionally equivalent in> effectiveness to 
smoking bans in the reduction of exposures to ETS alternatives 
that would not seek to alter the behavior of the smoking workforce. 
A discussion of alternatives to smoking bans and/or separately 
ventilated smoking rooms follows below. 


Current design and operation criteria for 
ventilation provide for the effective dilution and 
removal of ETS constituents from workplaces in 
which smoking is unrestricted; a ventilation 
Standard, ASHRAE 62-1989, has been incorporated 
into the major building codes in the U.S.; since 
1990, the Standard has provided design and 
operations criteria for ventilation systems in new, 
remodeled and renovated buildings; the Standard has 
been incorporated by reference into OSHA's Proposed 
jhije Q B I&Q-——- 


The Proposed Rule states, without justification, that 
ventilation cannot be used to addless the "risks" purportedly 
associated with exposures to ETS. The Proposed Rule specifically 
cites the "failure" of ASHRAE Standard 62-1989 in the "elimination'" 1 
of "risks" from ETS exposures. (59 FR 15992) While ASHRAE 
Standard 62-1989 does not explicitly address purported "risks" from' 
indoor air exposures, it establishes ventilation rates for various 


*.(...continued) 

as an attempt at "social engineering" and clearly is not, and 
ought not to be, within OSHA's regulatory framework. 
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control carbon dioxide and other 


locations in order to " 
contaminants with an adequate margin of safety,.and to account for 

variations among people, varied activity levels, arid_a—moderate 

amount of smoking ' 1 [emphasis added] - 1 The Chairman of the ASHRAE 
Standards Project Committee for Standard 62-1989, Mr. John Janssen, 
writes: 


Laboratory research at Yale University and at 
the Technical University of Denmark has shown 
that 15 cfm of outdoor air will dilute 
occupant odors to a level acceptable to at 
least 80 percent of the people entering an 
occupied space from outdoors. Research on 
tobacco smoke odor at Yale's John B. Pierce 
Laboratory has also shown that with today's 
reduced smoking rate 15 cfm of outdoor air 
will dilute environmental tobacco smoke to a 
level acceptable to 70 percent of the people 
entering an occupied space where about 27 
percent of the occupants smoke at a rate of 
1.25 cigarettes per hour. This equates to one 
pack per 16 hour day. Other calculations on 
the tobacco smoke perception of nonsmoking 
occupants in a room for 15 minutes with' 
smokers show that nonsmoking occupants will 
register 90 percent acceptance under the 
assumed conditions. Thus, Standard 62-1989 
appears to be able to control tobacco smoke 
odor under minimum smoking conditions. 2 


The minimum ventilation rate recommended by ASHRAE 
Standard 62-1989, 15 cfm outside air/person, is .the level at which 
odors, metabolic byproducts, and ETS are effectively diluted and 
removed. 3 ' 5 (Ex. 3-440) The effectiveness of the minimum 
ventilation rate for the dilution of ETS has been evaluated by 
scientists. 6 " 8 In 1990, Pedelty and Holcomb demonstrated that air 
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quality in areas where smoking is permitted ad l'ib does not differ 
significantly from the quality of air in nonsmoking areas, where 
both areas are supplied with the minimum outdoor air ventilation 
rates recommended in ASHRAE 62-1989. 6 

‘ V 

In their review of ETS-related air quality monitoring in 
different workplaces under various smoking conditions, researchers 
from TDSA Ltd. conclude "in office areas in which (a) smoking is 
allowed and (b) outside air ventilation rates meet or exceed the 
ASHRAE Ventilation Standard, nicotine concentrations have typically 
been less than 5 ug/m 3 and respirable suspended particles have 
ranged between 20 ug/m 3 and 60 ug/m 3 . 7 (Ex . 3-1073 ) 


In their submission to the OSHA RFI Docket, scientists 
summarized the results of their paper on the measurement of ETS in 
585 offices. (Ex. 3-1053) The authors write: 


Computer analysis shows that when "blind¬ 
folded" for presence or absence of smokers, in 
most cases realistic smoking levels do not 
significantly influence the aspects of air 
quality that were measured, and spillover from 
smoking areas into nonsmoking areas appears to 
be minimal. This work further reinforces the 
position the American Society of Heating,. 
Refrigerating and Air-Conditioning Engineers 
has taken on ETS in office buildings in ASHRAE 
Standard 62-1989, that acceptable air quality 
can be maintained in properly ventilated 
offices with a moderate amount of smoking even 
without smoker segregation. 
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Professor Alan Hedge offers the following observation on the basis 
of his extensive experience in monitoring ETS constituents during, 
investigations of sick-building syndrome; MI OUr data show that 
modern ventilation systems are capable of diluting the small 
pollutant loads from smoking at the levels which we observe, 
without necessarily exposing nonsmokers to significantly elevated 
levels of indoor air pollutants." (Ex. 3-955) 


Company scientists from R.J. Reynolds (RJR) reported on 
a recently completed study of four office buildings. 8 (Ex. 3-1087) 
Two of the buildings investigated had a policy of unrestricted 
smoking and, in two other buildings, smoking was restricted to 
separately-exhausted lounges. Regardless of smoking policy, RJR 
reports that ventilation and indoor air quality indicators were 
"well within applicable standards." 1 The authors write; 


In ^ summary this study demonstrates 
conclusively (a) that with a HVAC system that 
is adequately designed, operated in accordance 
with current ASHRAE standards and properly 
maintained, all indicators for ETS are at 
extremely low, de minimis levels, even in the 
presence of substantial smoking activity, and 
(b) that such smoking activity has a 
negligible effect on contaminant levels in 
buildings where smoking is unrestricted. 


They conclude: 

RJR believes, based on its own detailed 
research and the consistent results of other 
workplace assessments, that a properly 
designed and maintained HVAC system that is 
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operated in accordance with the ventilation 
rate procedures of the ASHRAE Standard 62- 
1989, will be effective in assuring that 
exposures to ETS will be de minimis . 


Thus, in buildings meeting the ventilation rates 
specified in ASHRAE 62-1989, return air from areas in which smoking 
is permitted will be diluted by outside air, and the mixture of 
return and outside air will be filtered prior to returning to the 
supply system. The dilution factor accounts for the low levels of 
ETS constituents measured in nonsmoking areas, as documented in the 
above studies. 


Simple physical separation of smokers and 
nonsmokers has been effective in the reduction 
of nonsmoker exposure to ETS; simple spatial 
separation of smokers and nonsmokers, even 
under conditions of recirculated ventilation, 
effectively minimizes ETS exposure for 
nonsmokers; data do not support a significant 
reduction in ETS exposures beyond adequate 
ventilation and/or simple separation of 

sropfr er fl an ^ ppfig moks r s _ 

Scientific studies indicate that the simple physical 
separation of smokers and nonsmokers, even under a shared 
ventilation system with recirculated air, can effectively minimize 
nonsmoker exposures to ETS. 7,9 ' 20 Other studies indicate that 
smoking bans and/or separately ventilated smoking areas do not 
significantly reduce ETS exposures beyond reductions achieved 1 
through simple separation and/or adequate ventilation. 8 ' 912 ' 14 ' 17 
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A 1990 study by Vaughn and Hammond, cited in the Proposed 
Rule (59 FR 15991), examined the impact of smoking policies on ETS 
constituent levels in a high-rise building. 9 The authors reported: 
an 80 percent reduction in exposure to ETS constituents in 
nonsmoking workareas after designation of a smoking area on a floor 
that utilized a common (recirculating) air-handling system. 
Exposure levels to nicotine in nonsmoking workareas prior to the 
designation of the smoking area were 2.0 ug/m 3 ; after institution' 
of the smoking policy, nicotine levels dropped to 0.1-0.3 ug/m 3 . 
A complete smoking ban on another floor in the building produced a 
95+ percent reduction in ETS constituents, only a 15 percent 
exposure reduction' beyond simple separation of smokers and 
nonsmokers. 9 

Another study of a smoking-restricted office building 
reported that ambient nicotine in nonsmoking areas was virtually 
undetectable. 10 Smoking was restricted to designated areas with 
local air filtration systems. The authors concluded that spatial 
restrictions are "effective in minimizing the impact of 
environmental tobacco smoke on indoor air quality." 10 

In a similar study, Canadian researchers compared 
measured ETS constituents in offices where smoking was regulated 
and unregulated. 7,11 They reported no significant differences in 
average ETS constituent levels between nonsmoking offices that 
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received recirculated air from designated smoking areas, and 
nonsmoking offices that did not receive recirculated air. Nicotine 
concentrations reported for nonsmoking areas were only marginally 
above limits of detection and quantitation; there were no 
measurable differences in particles or carbon monoxide levels in 
nonsmoking areas that did or did not receive recirculated air from 
smoking areas. The researchers concluded: 

The results indicate that the provision of a 
designated, but not separately ventilated, 
smoking area can effectively eliminate or 
drastically reduce most components of 
environmental tobacco smoke for nonsmoking 
offices. 11 

In 1991, Hedge, et al. examined the effects of smoking: 
policies on indoor air quality in 18 private-sector buildings. 12 
The study covered over 3,000 workers. They concluded: 


Comparison of all open-office sites between 
policies showed no significant differences in 
levels of carbon monoxide, carbon dioxide, 
formaldehyde or respirable particulates. . . . 
Smoking policy had a relatively small effect 
on IAQ for the pollutants measured. For most 
of these pollutants, there were no significant 
differences in concentrations among offices in 
SP (smoking-prohibited) buildings, nonsmoking 
office areas in RF (smoking restricted to 
rooms with local filtration), RSV (smoking 
restricted to rooms with separate ventilation) 
and RMP (smoking restricted to rooms with no 
location air treatment) buildings, and office 
areas in RWS (smoking restricted to open-plan 
cubicle workstations and enclosed office) 
buildings:. There was a significant effect of 
smoking policy on UVPM and formaldehyde in 
these office areas . . . however, all 
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concentrations of UVPM and formaldehyde were 
low. 

A 1993 follow-up study by the same authors compared ETS 
constituent levels in 27 office buildings under five different 
kinds of srapking policies. 13 The smoking policies ranged from' 
unrestricted smoking to the complete prohibition of smoking. The 
authors report that nicotine and tobacco-specific particles (UVPM- 
RSP) were measurable in offices that permitted smoking, but 
exposures to other airborne substances were similar across all 
buildings, regardless of smoking policy. The authors estimated 
that a typical nonsmoker would be exposed to the nicotine 
equivalent of approximately three cigarettes per year in open-plan 
offices with smoking restricted to enclosed parameter offices. 
Simple separation of smokers and nonsmokers under a common 
ventilation system was estimated to result in nicotine exposure 
levels of no more than five cigarette equivalents per year. 

A 1993 Canadian study compared exposures to ETS 
constituents in three buildings before and after smoking bans. 14 
The authors reported a significant reduction in average levels of 
volatile organic compounds in the buildings after the smoking ban, 
a result they could not explain and one that is inconsistent with 
other studies that demonstrate no significant contributions from 
ETS to indoor levels of total volatile organic compounds. 15,16 The 
smoking ban, however, had no significant effect on overall 
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exposures to carbon monoxide or particles, or on cotinine levels in 
body fluids of nonsmokers. 

Similarly, Proctor (1987) monitored ETS constituents 
before and after a smoking ban on public transportation in the 
United Kingdom. 17 While nicotine concentrations decreased from 7 
ug/m 3 to 3 ug/m 3 in nonsmoking compartments after the ban, 
particulate and carbon monoxide levels remained unchanged. This 
suggests that ETS contributions to levels of particulate and GO in 
public transportation are not significant.. 

In another study by Proctor and co-workers (1989), the 
researchers measured nicotine, RSP, carbon monoxide, carbon 
dioxide, and volatile organic compounds in the air of smokers' and 
nonsmokers' offices. 15 The data indicate little nonsmoker exposure 
to various ETS constituents through simple separation. The average 
UVPM-RSP level In nonsmokers' offices was 8.8 ug/m 3 ; the median 
nicotine value was less than 1 ug/m 3 . Carbon monoxide and carbon 
dioxide levels did not differ appreciably between smokers' and 
nonsmokers' offices. Overall, levels of volatile organic compounds 
did not differ significantly between smokers' and nonsmokers' 
offices. 

Bayer and Black (1987) reached a similar conclusion in 
their investigation of volatile organic compound levels in smokers' 
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and nonsmokers' offices. 16 They noted that although differences in 
nicotine concentrations were measurable for offices of smokers 
compared with nonsmokers, no significant differences in volatile 
organic compounds were discerned in smokers' and nonsmokers' 
offices. 'The researchers observed that "it was not possible" 1 to 
correlate volatile organic compounds with ETS or to attribute the 
source of various volatile organics to ETS. 

A 1989 study performed for the U.S. Department of 
Transportation on ETS constituent levels aboard commercial aircraft 
indicates the overall effectiveness of simple separation of smokers 
and nonsmokers in the minimization of ETS exposures. 18 This study 
is cited in the Proposed Rule. (59 FR 15991) The researchers 
reported an average level of 0.11 ug/m 1 nicotine in nonsmoking: 
sections for their sample of 61 domestic commercial flights. The 
average level was over 100 times lower than that measured in 
smoking sections; it is equivalent to 1/8000 the nicotine delivery 
of a single cigarette. 

In the largest study of its kind, researchers reported 
measurements of ETS constituents in 585 offices, many of which were 
conventional office settings with simple separation of smokers and 
nonsmokers under common air-handling systems and recirculated air. 19 
The researchers concluded that: " [I]In most cases realistic smoking 
levels do not significantly influence the aspects of air quality 
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that were measured, and spill-over from smoking areas to nonsmoking 
areas appears to be minimal." "Spill-over" of tobacco smoke 
constituents was reported in only four percent of the nonsmoking 
areas. 

v 

Lambert, et al. (1993) examined differences in nicotine 
and RSP levels in the nonsmoking and smoking sections of 
restaurants. 20 Simple separation of smokers and nonsmokers in 
restaurants resulted in substantial reductions of exposure to RSP 
and nicotine for nonsmokers. Nicotine concentrations averaged 65 
percent lower in nonsmoking sections than in smoking sections; RSP 
concentrations were 40 percent lower. The average concentration^ of 
nicotine in smoking areas was 3.2 ug/m 3 compared with 1.0 ug/m 3 in 
nonsmoking areas. The difference between average RSP levels in 
smoking and nonsmoking sections was 26 ug/m 3 , a level consistent 
with those reported for the contribution of ETS in homes and in 
offices with smokers. (See Table V, Section IV) 

The studies reviewed above contain data regarding; the low 
levels of ETS constituents in nonsmoking areas under conditions of 
simple separation of smokers and nonsmokers with recirculation of 
ventilation air. Data reported in those studies indicate that ETS 
constituent levels in nonsmoking areas in buildings where smoking 
is permitted are often only slightly above limits of detection and 
quantitation, and often statistically indistinguishable from 

-14- 


Source: https://www.industrydocuments.ucsf.edu/docs/mpdlOOOO 


4C499T6Z02 



"background" levels of such constituents found in buildings in 
which smoking is altogether prohibited. The data support the 


contention 

that simple 

physical 

separation 

of 

smokers and 

nonsmokers 

effectively reduces and minimizes 

ETS 

exposure in 

nonsmoking 

v . areas, even 

under 

conditions 

of 

recirculated 


ventilation. 

There are substantial data, submitted to the OSHA RFI 
docket on IAQ and reviewed in this section, that indicate that 
typical workplace exposures to ETS constituents are low and 
reducible to de minimis levels through the simple physical 
separation of smokers and nonsmokers in conjunction with the 
current ventilation rates adopted in OSHA 7 s Proposed Rule on IAQ. 
The Proposed Rule provides no discussion or scientific data that 
would support a finding that ETS is related to any material health 
impairment at exposure levels encountered through simple separation 
and/or adequate ventilation. 
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Negative air pressure zones; if physical 
grouping of smokers and nonsmokers in discrete 
areas is desired by employers, prevailing air 
circulation currents and routes of supply and 
exhaust air should be considered; if possible, 
smoking areas should be placed near existing 
exhausts so that air movement will be directed 
from nonsmoking to smoking areas, thereby 
minimizing possible migration of tobacco smoke 

g ao l ing areas_I_ 


According to Hayward, et al. (1993), the effectiveness of 
a designated smoking area for controlling exposure to ETS in 
nonsmoking areas is determined by two basic factors. 21 The first 
requires the successful dilution and removal of ETS constituents 
within the smoking area. The ventilation rate, either through 
outside air or transfer air (the air from other zones within the 
building), is the most critical determinant for the dilution and 
removal of ETS constituents. Outside air should be supplied at 
rates designated by ASHRAE Standard 62-1989. 


A second factor related to the movement of ETS 
constituents from smoking areas to nonsmoking areas depends upon 
airflows within the structure. 21 Airflow is affected by the 
existence of physical barriers such as walls or partitions, as well 
as by air pressure relationships within the building. For a 
designated smoking area without partitions, the simple location of 
smokers near existing exhausts and the designation of nonsmoking 
areas near supply air diffusers will prevent movement of ETS 
constituents into nonsmoking areas. Airflow will be directed from 
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the nonsmoking or supply air areas into smoking areas, thereby 
preventing the air from the smoking area from re-entering that of 
the nonsmoking area. This technique, known as "air pressure 
zoning," has been described in a recent publication for design 
engineers : ... 


Air generally flows from areas of higher air 
pressure to areas of lower air pressure, from 
positive pressure in the direction of negative 
pressure. Using this simple concept, areas 
set aside for nonsmokers can be maintained at 
a slight relative positive pressure, while 
areas set aside for smokers can be maintained 
at a slight negative relative air pressure. 
This will produce a slight airflow from the 
nonsmoking: area into the smoking area, keeping 
the air from the smoking area from mixing with 
that of the nonsmoking area. Through 
thoughtful planning and carefully supervised 
and tested balancing of the HVAC system, the 
preferences of both smokers and nonsmokers can 
be accommodated without any additional cost to 
building operations. 22 


Air pressure zoning involves the use of existing 
ventilation systems, e.g., supply and exhausts within a building, 
and will not influence capital costs or operating efficiencies for 
a building. 


An alternative to the separate smoking area required in 
the Proposed Rule (i.e., an enclosed space with dedicated exhaust 
under negative pressure) utilizes the theory of negative pressure 
and the use of transfer air, which is air drawn directly from other 
parts of an occupied space. The use of transfer air in a practical 
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smoking lounge design is permitted under ASHRAE Standard 62-1989. 
The lounge would be ventilated in a way similar to the way 
restrooms are ventilated and exhausted. Restrooms in public 
buildings are equipped with exhaust ventilation for the removal of 
odors, etc. The restroom often draws its supply air from adjacent 
areas such as corridors that are close to the restroom. The rooms 
adjacent to the restroom are not fitted with comparable exhaust 
capabilities. The exhaust air from the restroom creates a negative 
pressure relative to its adjoining areas. Air is thus 
"transferred 11 from adjacent areas of positive pressure into the 
restrooms and, if the exhaust is working properly, the result is 
the creation of a negative pressure zone . 

The 1993 publication by Hayward, et al. examined the 
effect'of negative pressurization on movement of ETS constituents 
in three separate buildings. 21 In one of the buildings, the use of 
a small exhaust fan in the smoking area dramatically reduced 
migration of ETS constituents into nonsmoking areas. Exposures to 
nicotine and RSP in nonsmoking areas were reduced below the limit 
of quantitation. In a second building, the effects of negative 
pressurization were less dramatic because the ventilation was very 
effective from the outset in removing and diluting ETS 
constituents. A third building was not negatively pressurized in 
smoking areas and nonsmoker exposure to ETS constituents was 
greater than In the other two buildings. 
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In 1993, Light and Gay measured nicotine levels In two 
office buildings with a variety of areas designated for smoking. 23 
Nicotine was below the level of detection (less than 0.7 ug/m 3 ) in 
most of the sites measured. The authors concluded; "Within the 
sensitivity-of the tests and observations performed, exposure was 
not documented from the recirculation of air even though many 
smoking areas were not exhausted to the outside. This suggests 
that there was little, If any, hazard under the conditions 
evaluated in areas potentially receiving recirculated ETS but not 
Immediately adjacent to smoking." They reported that "positive 
pressurization of smoking rooms" led to "intermittent nonsmoker 
exposure in immediately adjoining areas." if the smoking areas 
were negatively pressurized, no detectable exposure to ETS 
constituents occurred adjacent to smoking areas. 

Feasibility of OSHA # s Proposed Rule on 

BIS__ 

According to OSHA, "the primary objective of the tobacco 
smoke provision [of the Proposed Rule] is to eliminate the 
nonsmoker's exposure to ETS." (59 FR .16016) OSHA further states: 
"Under the Proposed Rule, firms will have the option of either 
banning smoking of tobacco products or permitting smoking only In 
designated areas." (59 FR. 16016) The Proposed Rule requires that 
designated smoking areas be enclosed, exhausted directly to the 
outside and maintained under negative pressure. (59 FR 16032) 
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Under OSHA's Proposed Rule for ETS, constituents imputed 
to ETS will be "eliminated" from the workplace, while exposures to 
the same constituents from other sources will be minimized to 
presumably acceptable levels by the ventilation-based Proposed Rule 
for IAQ. v The foregoing analysis clearly demonstrates that: 
(1) ETS constituent levels in typical workplaces are low and: 
nonsmoker exposure to ETS constituents is minimal; (2) simple 
physical separation of smokers and nonsmokers in the workplace 
provides for significant reductions of already minimal exposures to 
ETS constituents; (3) adequate ventilation effectively dilutes and 
removes ETS constituent levels to the extent that levels will often 
fall below levels of detection or quantitation and will not differ 
significantly from background levels of constituents generated by 
other sources; and (4) the negative pressurization of smoking areas 
will prevent "migration" or "spillover" of ETS constituents into 
nonsmoking areas. 


OSHA's proposal to completely eliminate ETS constituents 
is a regulation that seeks to modify already insignificant levels 
of ETS exposure. The alternatives described above were not 
considered by OSHA, yet they are equivalent in effectiveness to 
OSHA's proposed requirement of a separately enclosed, separately 
exhausted, and negatively pressurized smoking room. The Proposed 
Rule will produce only trivial and insignificant reductions in 
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exposures to ETS constituents over the alternative provisions 
specified above. 

OSHA's Proposed Rule on ETS ostensibly provides a choice 
regarding smoking for the nation's employers: either ban smoking 
or construct special smoking rooms. However, the choice is not 
real. The Proposed Rule constitutes a de facto ban on smoking 
because OSHA trivializes and minimizes the economic and 
technological feasibility of providing separate rooms for smoking 
employees. The "option" of providing a separately ventilated 
smoking room lies with employers (not building owners), even when 
the employer leases space for his or her business. OSHA clearly 
recognizes this impossible scenario in its Proposed Rule, e.g., 
"since changes in building ventilation systems will be made by 
landlords, employers may have to negotiate agreements to ensure 
that they can meet the OSHA Standard. On the requirement for ETS, 
landlords in turn are likely to pressure employers to ban smoking,* 
thereby forestalling any need for construction of designated 
smoking rooms." (59 FR 16013) 

OSHA declares that problems concerning the technological 
feasibility of the Proposed Rule "are not evident." (59 FR 16013, 
16023) However, the isolation of smokers in a separate room as 
required by OSHA's Proposed Rule places additional demands on an 
existing ventilation system. The Proposed Rule's requirement of a 
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separate exhaust leading directly to the outdoors is not feasible 
in. many buildings. 22 Few existing buildings, particularly high-rise 
buildings, are amenable to providing exhaust directly to the 
outdoors from any given location within the building. The option 
is not technologically feasible in these instances, and the 
employer, under OSHA's Proposed Rule, would have no choice but to 
completely ban smoking. The Proposed Rule concedes: n OSHA 

recognizes that not all establishments will make available 
designated smoking areas as there may be physical constraints on 
the option of providing separate ventilation. Such constraints are 
imposed by the building's design, the building's mechanical 
ventilation system's capabilities, by cost involved in providing 
adequate ventilation, by the occupant use of the building." (59 FR 

16016) The U.S.. EPA recently conceded that "the structural 
features of many existing buildings make it infeasible or cost 
prohibitive to construct a smoking lounge" similar to that 
envisioned by OSHA. 24 The EPA report suggests that smoking lounges 
would be feasible in only 10 to 20% of the existing buildings in 
the U.S. Tenants in 80 percent or more of existing buildings would 
be forced to ban smoking altogether under OSHA's Proposed Rule. 

OSHA has placed the burden of its Proposed Rule on ETS 
upon the nation's employers by presenting them with a "choice" over 
which they are not empowered (i.e., to ban smoking or restrict i 
to a specially ventilated room) .. For the employer who is not als 
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a building owner, there is no real choice in the matter. For 
either the tenant or owner of a multi-story building, there may be 
no “choice" in the matter due to feasibility restrictions. For the 
small business owner who must lease additional space for a smoking; 
lounge, there may be no “choice" in the matter. For other 
businesses, retrofit requirements for the construction! of an 
enclosed, separately exhausted and negatively pressurized smoking 
room may be cost-prohibitive, and the "choice" in the matter 
disappears. The Proposed Rule does not address these issues. 


The minimum outdoor air ventilation rates 
required in OSHA's Proposed Rule on IAQ are 
based on versions of ASHRAE Standard 62 (for 
ventilation); the current ventilation 
standard, ASHRAE 62-1969, provides minimum 
outdoor air ventilation rates for ETS; the 
precursor standard, 62-1973, specified 
recommended ventilation rates comparable to 
ASHRAE 62-1989 and served as the ventilation 
basis for building codes since 1973; OSHA's 
ventilation recommendation for IAQ will 
therefore adequately address ETS; OSHA's 
separation of ETS from general IAQ has no 
feagjg_ 


OSMA's Proposed Rule for IAQ (to the exclusion of ETS) 
states that “employers [must] maintain and operate the HVAC system 
to provide at least the minimum' outdoor air ventilation rate, based 
on' actual occupancy, required by the applicable building code, 
mechanical code, or ventilation codfe in effect at the time the 
facility was constructed, renovated, or remodeled, whichever was 
most recent." (59 FR 16026-27) In the foregoing analysis, it was 
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demonstrated that, contrary to OSHA's contention regarding the 
inapplicability of ventilation to ETS, ASHRAE Standard 62-1989 for 
Ventilation was specifically designed for, and has been proven 
successful in, the dilution and removal of ETS constituents. The 
Standard currently provides ventilation design/operation criteria 

V‘ 

for building codfes in the U.S. 

A precursor standard to ASHRAE 62-1989, ASHRAE Standard 
62-1973, recommended a ventilation rate of 15 cfm outside 
air/person, comparable to the minimum recommended outdoor air rate 
specified in ASHRAE 62-1989. Standard 62-1973 was approved: by the 
American National Standards Institute (ANSI) and incorporated into 
building codes. It was in effect through the 1970s. ASHRAE 
updated Standard 62-1973 in 1981 and provided for two ventilation 
rates based on smoking and nonsmoking (Standard 62-1981). That 
Standard did not receive approval from ANSI and was not 
incorporated into the major building codes In the U.S. ASHRAE 62- 
1973 thus remained in effect throughout the 1980s as the design and 
operational criteria document for ventilation In building codes. 
Many HVAC systems designed and installed over the past 20 years 
have complied with the specifications in ASHRAE 62-1973 and ASHRAE 
62-1989. 


The ASHRAE Standards 
required outdoor air portion 


(62-1973 and 62-1989) 
of total supply air. 


designate th 
where tota 
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supply air equals outside air and return air. The minimum outdoor 
rates specified in the Standards actually constitute only a 
fraction of the supply air needed to provide proper heating and 
cooling; outside air supply requirements constitute a small 
percentage of.the air needed for total supply air. If outside air 
specifications differ from Standard to Standard, overall HVAC 
capacities , as determined by minimum design criteria for supply 
air, would satisfy the demand for greater outdoor air flow rates. 
Indeed, recent research on 16G office buildings by Sundell, et al. 
indicated that buildings of different age categories did not differ 
operationally with regard to outdoor air flow rates. 25 The 
assumption that an Increase in outside air ventilation rates would 
require the redesign and retrofit of an existing ventilation system 
is not supported. 

Differences in minimum outside air requirements between 
the two versions of the ASHRAE Standard are not likely to be 
significant and may, in fact, be identical for certain Indoor 
areas. Thus, compliance with the Proposed Rule's requirements for 
minimum outdoor air ventilation rates for IAQ, insofar as they are 
based on the 1973 and 1989 versions of the ASHRAE Ventilation 
Standard, would be sufficient to satisfy the ventilation 
requirements for the effective dilution and removal of ETS 
constituents under ad lib smoking situations. There are no 
feasibility constraints based on compliance with current building 
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code specifications for ventilation, as specified in OSHA's general 
ventilation recommendation for IAQ. 

As OSHA's Proposed Rule on ETS tacitly admits, an 
enclosed, separately exhausted and negatively pressurized smoking 
room, is neither technologically nor economically feasible as a real 
option available to all of the nation's employers. (59 FR 16016, 
16013) As demonstrated above, negative pressurization is feasible 
using existing exhaust and supply locations in a building. A 
requirement for a separate exhaust from a smoking area directly to 
the outside is burdensome, superfluous and dictated only by OSHA's 
"zero exposure" doctrine for ETS. Scientific studies and IAQ 
reports indicate that smoking and nonsmoking areas may share a 
common air handling system with recirculation of air such that 
constituents from ETS from smoking areas are not significantly 
redistributed to nonsmoking areas. This condition can be achieved 
if the building conforms to the specifications for ventilation 
rates and filtration recommended by the current ASHRAE Standard for 
ventilation -- indfeed, by OSHA's own Proposed Rule on IAQ. 
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The Building Systems Approach 
T o Acceptable Indoor Air Quality 
A Review and Analysis of OSHA RFI Docket H-122: 
“Occupational Exposure to Indoor Air Pollutants” 
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Overview: The Building Systems Approach is Based Upon the Proper 
Design, Operation, and Maintenance of a Building’s HVAC System. 


The building systems approach to achieving and 
maintaining acceptable indoor air quality emphasizes 
attention to the proper design, operation and mainte¬ 
nance of a building's heating, ventilation and air- 
conditioning (HVAC) system. The approach is 
advocate^) by a substantial number of respondents to 
the OSHA RFL, representing such diverse groups as 
governmental agencies (Wisconsin Dept, oflndustry 
and Labor, 3-10; Kansas Dept, of Human Resources, 
3-1094; University of California, 3-1192); labor 
unions (the AFL-CIO, 3-1185; Food and Allied 
Services Trades, 3-434; Am. Fed. of Sure, County and 
Municipal Employees, 3-446; Ini. Fed. of Professional 
and Technical Engineers, 3-770); professional organi¬ 
zations and trade associations (the American Society of 
Heating, Refrigeration and Air Conditioning Engineers 
(ASHRAE), 3-440; the Business Council on Indoor 
Air (BCIA), 3-933; the National Energy Management 
Institute (NEM1), 3-1183; the Tobacco Institute, 3- 
1086; the Sheet Metal and Air Conditioning Contrac¬ 
tors National Association (SMACNA), 3-856; the 
National Environmental Development Association's 
(T1EQ)* 3*1054); IAQ monitoring and mitigation 
experts (T.D. Sterling and Associates Ltd. (TDSA), 3- 
1073; Healthy Buildings International (HBI), 3-1053; 
Gcrshon Meckler Associated. 3-879; Alan Hedge, 3- 
955; James Woods, 3-745; Eagle Environmental 
Health, 3-500; Terracon International, 3-501), and 
product manufacturers (Philip Morris, 3-1074; RJ. 
Reynolds, 3-1087; Johnson Controls, 3-1102 and Dow 
Chemical, 3-502). 

In its simplest terms, the central focus of the building 
systems approach is upon appropriate ventilation, which, 
in turn, includes provisions for adequate outdoor supply 
air and its distribution to occupied spaces. The intended 
effect of this focus is to decrease exposure to substances in 
indoor air and to prevent and/or alleviate complaints 
about indoor air quality. (BOA, 3-933; Dow, 3-502) 

This is a performance-orientated, 'engineering systems" 
approach which requires the inter-disciplinary expertise of 
arch it ecu, ynechanical engineers, HVAC contractors and 
maintenance engineers. 

IAQ BUILDING SYSTEMS APPROACH_ 


The approach recognizes the existence of potential 
"significant risk" and/or "material impairment" from 
worker exposures to poor indoor air quality, as docu¬ 
mented by literally thousands of building investigations 
completed in the past decade. It acknowledges that 
individual causes of complaints related to indoor air 
quality in "problem buildings" are rarely identifiable, 
and that suspected causes of poor indoor air quality arc 
likely to be multi-factorial, involving any number of 
substances at low-exposure levels, as well as eomfort- 
reUted factors such as air movement, temperature, 
lighting and humidity. (TDSA, 3-1073; HBI, 3-1053; 
NEDA-TIEQ, 3-1054; Hedge, 3-955) 

The approach offers a comprehensive solution to poor 
indoor air quality. Adequate supply air intake and its 
distribution serve to dilute and/or remove a wide range 
of potential substances in the indoor air, including 
volatile organic compounds (VOCi) such as benzene 
and formaldehyde, carbon monoxide (CO), carbon 
dioxide (CO,), constituents of environmental tobacco 
smoke (PTS), radon, biologicals, etc. (ASHRAE, 3- 
440, NEMI, 3-1183; PM, 3-1074)This solution 
remains constant as the work activities of building 
tenants and the "mix" of substances in indoor air 
change over time. The effectiveness of the building 
systems approach is adequately supported by data in 
the published literature, and will be discussed at length 
bclbw. (See: "D. Ventilation: The Mitigation Proce¬ 
dure for Poor 1AQ.") 

The buildings systems approach is also a feasible 
solution to indoor air quality problems and to the 
maintenance of acceptable indoor air. The approach 
relies upon already existent technology and standards 
for the design, operation and maintenance of HVAC 
systems. It is likewise a cvst-tfftciivc solution, because 
any cosu associated with compliance with the approach 
are likely to be small and offset by a reduction in 
complaints and a potential increase in worker produc¬ 
tivity. (TDSA, 3-1073; PM, 3-1074; BCIA, 3-933; 
Woods, 3-745; Ventresca. 3-941) The approach directs 
resources to controlling the widest range of potential 
substances in indoor air. 

_ 3 
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The Scientific Basis 
For the Building Systems Approach 


The basic tenets of the building systems approach arc: 

(A) Indoor air quality problems are most often associ¬ 
ated with inadequate HVAC system performance* 
including incorrect system design (improper suing, 
modification and/or installation), inadequate 
outside air intake, poor filtration and/or inad¬ 
equate preventive maintenance of the system; 
(Eagle EH, 3-500; NEM1, 3-1183; HBI, 3-1053); 

(B) Complaints regarding unacceptable indoor air 
qualiry (usually associated with symptoms of 
irritation, annoyance and discomfort) cannot, as a 
rule, be dirccdy traced to specific airborne sub¬ 
stances or to levels of exposure; (TDSA, 3-1073; 
PM, 3-1074; Hedge. 3-955; HBI, 3-1053); 

(C) A number of environmental (acton unrelated to 
LAQ may also contribute to complaints about 
indoor air quality. These include temperature, 
humidity, lighting, noise, and physical “stressors" 
such as workload, job satisfaction and general 
ergonomic conditions; (Hedge, 3-955; TDS A* 3- 
1073; NEDA-TIEQ, 3-1054; NEM1, 3-1183; 
AFL-CIO, 3-1185); 

(D) Remediation and mitigation of poor indoor air 
quality, and the attainment and maintenance of 
acceptable indoor air quality, depend upon the 
correct design, operation and maintenance of a 
buildings' HVAC system. (ASHRAE, 3-440; 
BC1A, 3-933; NEMI, 3-1183; HBI, 3-1053). 

The basic premises for the building systems approach 
are direedy supported by data from over 2,000 indi¬ 
vidual building investigations conducted by govern¬ 
mental and private agencies in the U.S. and Canada. 
These building investigation reports are included in 
eight large independent databases on "tick-building 
syndrome," and can be found in the published litera¬ 
ture on IAQ. (PM, 3-1074) 

The individual sick-building databases exhibit remark¬ 
able similarities in their reported results. LAQ complaints 
in roughly one half (or more) of the building investiga¬ 
tions have been related to inadequate ventilation. An 


additional (and often substantial) percentage of the 
complaints reported in the investigations have been 
u Kv-jawd with poor HVAC maintenance, including poor 
filtration and contaminated systems. Specific airborne 
substances have been identifiable as "causal factors" for 
complaints in fewer chan 20 percent of all building 
investigations. 


Inadequate Ventilation is Associated With 
Approximately Half of All Complaints in 
Sick-Building Cases 


Building investigation reports in the published 
literature fall under the heading of "sick-building 
syndrome" investigations, wherein complaints of 
irritation and discomfort (e.g., headaches, eye, nose, 
and throat irritation, dizziness, shortness of breath, 
mental fatigue, drowsiness, and lethargy) arc reported, 
and IAQ specialists/building investigators are asked to 
determine potential causal agents and possible remedial 
actions. (Eaglfc EH. 3-500, HBI, 3-1053; TDSA. 3- 
1073; AFL-CIO, 3-1185) 

One of the most notable compilations of building 
investigations was undertaken by NIOSH and refer¬ 
enced in the OS HA RFI (Fed. Reg. 56(183); September 
20, 199lh Inadequate ventilation was identified as a 
primary problem in fifty-two percent of the 4S4 
building investigations in the NIOSH database. Inside 
contamination was identifiable in only fifteen percent 
of all buildings; microbiological contaminants were 
identified in five percent. IJ (PM, 3-1074) 

A database of 1,362 building investigations compiled 
by Health and Welfare Canada also identified inad¬ 
equate ventilation as the primary problem in 52 
percent of the buildings investigated. Specific indoor 
air contaminants were identified in only 12 percent of 
the investigations. 14 (TDSA, 3-1073; PM, 3-1074) 

Public Works Canada, another Canadian federal agency, 
investigated 30 buildings for IAQ complaints between 
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1987 and 1990. Ventilation-related problems werr 
reported in one half of the buildings. 5 (TDSA, 3-1073) 

TDSA Lid. have compiled data on 408 building 
investigations conducted in the UiS, and Canada. The 
results have been analyzed and computerized in what is 
called the "Building Performance Database." Ventila¬ 
tion-related inadequacies were directly associated with 
IAQ complaints in 49 percent of the buildings cata- 
loguttHn (he Building Performance Database. 4 
(TDSA, 3-1073) 

A private, U.S.-based LAQ monitoring firm conducted 
412 tick-building investigations from 198) through 
1988. Ventilation problems were associated with com* 
plaints in 62 percent of the buildings investigated; 
bacterial and fungal contamination was reported in nearly 
a third of all buildings investigated. (HB1, 5*1053) 

A 1989 report by Dr. James Woods assessed 30 cases 
of “problem buildings" investigated by the Honeywell 
Corporation since 1986. Woods* research indicates 
that 75 percent of (he buildings investigated had 
inadequate outdoor supply air intake. Similarly, 75 
percent of the buildings exhibited inadequate air 
distribution to occupied spaces, and 65 percent of the 
buildings suffered from inadequate HVAC mainte¬ 
nance. 7 (Woods, 3-745; PM, 3-1074) 

Kim (1990) summarized 105 investigations of 
problem buildings undertaken by Gayton Environ¬ 
mental Consultants, a LAQ monitoring firm in the 
U.S. 1 (Morey, 3-505) She wrote; 

In a survey of 105 buildings, Gayton found 
that 53 percent had [HVAC) maintenance 
problems, 49 percent had operational prob¬ 
lems (such as improper handling of control 
equipment), and 33 percent had design 
problems. Mechanical engineers evaluated the 
HVAC systems in 70 of the buildings, in 
which they found that 75 percent had mainte¬ 
nance problems, 70 percent had operational 
problems, and 47 percent had design prob¬ 
lems. Of the 105 buildings, 95 were campled 
for contaminants. Of these, 28 were found to 
have problem levels of microbial contami¬ 
nants, 26 had volatile organic compounds and 
13 combustion products. (PM 3-1074) 

IAQ BUILDING SYSTEMS APPROACH_ 


Freund et al. from the New Jersey Department of 
Health evaluated 221 complaint buildings in that state 
and reported that 43 percent were associated with 
inadequate ventilation.’ (HB1, 3-1053) 

The Oregon Department of Resources submined 
results of 36 state office building investigations to the 
OSHA RF1 (3-1157). The respondents observed; 

Thirty-six sute office buildings were exam¬ 
ined for IAQ problems. Significant problems 
were found in 16 buildings. Many of the 
problems were associated with inadequate 
ventilation and high levels of carbon dioxide . 

.. studies in Oregon have shown that when 
outside make-up air falls below 15 cfm. 
complaints increase. 

In a submission to the OSHA docket by Local 127 
Occupational Illness Support Group of the U.S. 
Department of Labor, the authors report that: 

Inadequate ventilation is the primary cause of 
most of the indoor air quality problems .... 

This is a result of the Department's inability 
to maintain adequate amounts of outside air. 
...(3-1017) 

Published data from a number of sick-building 
investigation daubases reveal that deficiencies in 
ventilation have been directly related to complaints 
about IAQ in one half or more of all reported cases. 
HVAC-rclaied problems have been associated with as 
many as 75 percent of the complaints in several of the 
sick-building daubases discussed above. 


Significant Risk Associated With Poor IAQ: 
Poor IAQ in the Workplace is a Widespread 
Problem; Dau from Building Investigations 
Indicate a Significant Risk of Impairment for 
Non-Industrial Workers Associated With Poor 
LAQ Corn to Employer* and Workers 


In 1982, the World Health Organization described a 
complex of eight symptom groups which could be used 
to characterised sick-building syndrome (SBS). Those 
symptoms included: irritation of the eyes, nose and 
throat; dry mucous membranes in skin; erythema, 
menu) fatigue and headache; cough; wheezing; nausea 
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and dizziness; and hypersensitivity reactions. (TDSA, 
3-1073) In addition, SBS has also been characterized 
by complaints of discomfort which do not precisely fit 
any of the WHO’s eight categories, e g., "stuffiness," 
chills, unpleasant odors, etc. (Hedge, 3-955) 

Building Related Illness (BRI), as indicated earlier, 
describes infirmities of known cause which are often 
traceable to sources of microbial contamination in the 
building or to the transmission of infectious respiratory 
disease. Although specific, documented cases of BRI 
are rare in comparison to complaints about poor 
indoor air quality, there is perhaps lirtle doubt that 
BRI poses a potential significant risk for workers in the 
non-industrial workplace. Support for this statement 
can be derived from the sick-building syndrome 
databases. For example, Public Works Canada identi¬ 
fied microbial problems in 16 percent of the 30 
buildings they investigated. 5 Robertson of HB1 re¬ 
ported allergenic fungi in 34 percent of buildings 
investigated and allergic or pathogenic bacteria in 9 
percent of the buildings. (HBI, 3-1053) 

The submission to the OSHA RFI docket by TDSA 
Ltd. includes an estimate of between 26,000 and 
116,000 annual cases of sporadic Legionnaires disease 
in the United States. (TDSA, 3-1073) Other kinds of 
communicable and non-communicable building- 
related infections exist, ranging from hypersensitivity 
pneumonitis to the flu. However, data to support a 
precise numerical projection of total cases are appar¬ 
ently not available. 

Symptoms of irritation and discomfort reported in 
thousands of sick-building syndrome investigations 
strongly suggest the existence of an additional potential 
significant risk of "impairment 1 * for non-industrial 
workers. Sick-buildings, of course, constitute only a 
subset of the total non-industrial workplace building 
nock in the United States. Nevertheless, the World 
Health Organization and others have estimated that 
SBS may affect as much as 30 percent of all buildings 
in the U.S., which in turn may affect 20-30 percent of 
the non-industrial workforce. (Woods, 3-745) 

The AFL-CIO has estimated in its response to the 
OSHA RFI that indoor air pollution may effect "30-70 
million building occupants and berween 800,000 and 
1,200,000 commercial buildings in the United Sates ..." 


(AFL-CIO, 3-1185) A substantial number of ocher 
respondents to the OSHA RFI provide estimates of 
risks attributable to poor IAQ, which arc summarized 
in Appendix 1 of this document. 

Poor indoor air quality also imposes additional costs 
upon employers and workers alike. Such costs include 
those related to health and the costs of Ibwercd 
productivity, stemming from greater absenteeism* Ibss 
of concentration, etc Although such purported costs 
can only be estimated from the available data, 
respondents to the OSHA RFI contend that they arc 
indeed substantial — perhaps amounting to billions 
of dollars annually. (BCIA, 3-933) (For a complete 
analysis of costs attributed to poor 1AQ by respon¬ 
dents to the OSHA RFI, see Appendix Ih) 

Data on BRI and SBS thus verify the potential 
significant risk posed by poor 1AQ on the non- 
industriai workforce in the United States. Potentially 
burdensome costs to the American employer and 
worker alike are similarly associated with incidents of 
BRI and SBS. 


LAQ Complaints Generally Cannot be 
Associated With Specific Airborne Substances 


The OSHA RFI on Indoor Pollutants sought 
information and data on a number of substances 
potentially associated with complaints about LAQ. 
These substances include; volatile organic compounds 
(VOCs), biologicais, passive tobacco smoke (PTS), 
carbon monoxide (CO), carbon dioxide (CO a ), and 
radon. (For a review of the RFI docket submissions 
which discuss these substances, see Appendix HI.) A 
review of the docket indicates that while these 
substances are often mentioned as potential "causes" 
of poor IAQ, few data exist which suggest that tpectfic 
substance exposures have been associated with specific 
complaints. Moreover, the databases on sick-building 
syndrome support the contention that specific 
airborne substances rarely are identifiable as sources 
of IAQ problems or complaints. A number of 
com menu in the RFI docket substantiate the above 
claims. For example: 

The Adantic Richfield Company (ARCO) reports 
that, in their experience, "when monitoring has been 
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conducted, hazardous contaminants have either not 
been detected, or they axe proem in concentrations fax 
below those known to present health h a zar ds." 

(ARCO, 5-448) 

The submission from Organization Resources 
Counselors states that: 

Companies report monitoring for formalde¬ 
hyde, total and respirable particulates, total 
prganics..... In almost all cases where moni¬ 
toring was done for specific contaminants, 
results were either below the level of detec¬ 
tion, or were below OSHA Permissible 
Exposure limits. (3-1084) 

Similarly, CanTox, Inc. reports that: 

More than half (63 percent) of the compounds 
detected in indoor air could not be attributed 
to a definite source. The largest group with 
known sources were found to have multiple 
sources and their presence could not be 
exclusively attributed to one specific source. 

This dearly has significant implications with 
respect to attempting to use source control to 
maintain indoor air quality. (3-1180) 

The American Federation of Government Employees 
(AFGE) of the AFL-CIO reports that “unfortunately, 
despite the substantial evidence linking poor indoor air 
quality to AFGE members* adverse health effects, 
AFGE is unable to obtain the data needed to make the 
causal connection between specific contaminants and 
those adverse health effects." (3-529) 

United Technologies reports that, "based on our 
experience in occupational settings and knowledge of 
the professional literature, there axe only very weak dan 
that directly relate specific chemicals to 1AQ." (3-651) 

IDS and Associates Ltd. report, after dting four 
studies, that: 

The correlation between symptoms presented 
in 1AQ complaints and causative agents is weak 
because exposure to many different typo of 
contaminants in indoor air, originating from 
both indoor and outdoor sources, has been 
shown to result in similar health and comfort 
complaints. The presence of polluianu in 
indoor air, combined with thermal comfort 


parameters of temperature and humidity, and 
other building characteristics, such as ventilation, 
lighting, noise and occupant density and 
activities, make it difficult to isolate the 
causative agent and 1AQ related health and 
comfort complaints. (3-1073) 

The American Industrial Hygiene Association 
(AIHA) notes that, based on their experience: 

In most 1AQ complaints, symptoms arc non¬ 
specific and could be caused by a variety of 
factors. Correlations can be found where there 
is a consistent spaciai and temporal relationship 
and the complaint can be resolved by changing 
the building condition. Biological contamina¬ 
tion may sometimes be distinguished by a 
pattern of allergy symptoms. (3-735) 

The Philip Morris submission to the RFf docket cites 
a study by Canadian researchers that reported results of 
a building investigation in which temperarure, humid¬ 
ity, dust, nicotine, formaldehyde, volatile organic 
compounds, and CO a were measured. 10 Occupants of 
the building complained of poor indoor air quality, 
and a questionnaire evaluation revealed a substantial 
number of complaints about unsatisfactory thermal 
conditions, dry air, drowsiness and eye irritation. 
However, all measured parameters, including temperature 
and humidity, were within accepted comfort exposure 
guidelines. The authors were unable to correlate any 
single measured environmental parameter with com¬ 
plaints or symptoms. They concluded that their 
investigation "showed that complaints reported by 
occupants were associated with perceived rather than 
measured levels of indoor environmental parameters." 
(PM, 3-1074) 

The Building Performance Database compiled by 
T.D. Sterling and Associates Ltd. provides data on 
airborne substance monitoring from well over 200 
rick-building investigations. Average recorded levels of 
carbon dioxide, carbon monoxide, respirable suspended 
panicles, formaldehyde, airborne fungi and bacteria, 
nicotine, and temperature and humidity, are all within 
parameters of "acceptable" exposure. (See Appendix 
IVa.) Nevertheless, the buildings from which the 
monitoring results arose were deemed “tick" The 
authors conclude: “In general, 1AQ investigations of 
white collar workplaces have found indoor concentra¬ 
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ttom of measured subs cancer far below occupational 
exposure levels,..(TDSA, 3-1073) 


PTS Workplace Exposures; The SBS Databases 
Reveal chat PTS May Be Directly Associated With 
Complaints in Only Two to Four Percent of All 
Investigations; Data from Workplace Exposure 
Studio on P^S Constituents Indicate That Typical 
Nonsmoker Exposures to PTS arc Minimal and 
Often Below Analytical Limits of Detection 


Because it is visible and easily identified by its aroma, 
passive tobacco smoke (PTS) is ofren initially identified 
as the cause indoor air quality problems. However, data 
submined to the OSHA RFI on actual workplace 
exposure levels to PTS constituents, together with 
conclusions derived from several major databases on 
sick-building syndrome, indicate that tobacco smoke is 
rarely the underlying cause of complaints about poor 
indoor air quality. For example, in HBI'i database of 
412 sick-buildings, ETS was reported to be a signifi¬ 
cant contributor to complaints in only 3 percent of all 
buildings investigated. (HBI, 3*1053) In the sick- 
building daubase compiled by TDSA Ltd., smoking 
was implicated as a major contributor to complaints in 
only 12 of 408 (less than 3 percent) of the buildings 
surveyed^ 4 (TDSA, 3-1073) NIOSH investigated more 
than 200 "sick-buildings" through 1984 and reported 
that tobacco smoke was a source of claimed discomfort 
in only 2 percent of the buildings investigated 1 (PM, 
3-1074) In a summary of 94 building studies by 
government investigators from Health and Welfare 
Canada, complaints were attributable to indoor 
constituents such as photocopy machine emissions and 
PTS in only 5 percent of the buildings investigated. 3 
(PM, 3-1074) In all of the databases, inadequate 
ventilation was determined as the underlying source of 
complaints in over half of all investigations. 

It is nevertheless understandable, given the easy 
recognition of PTS, that persons experiencing lick- 
building symptoms initially tend to blame PTS. 

Indeed, researchers have indicated that the mere 
visibility or presence of tobacco smoke may provoke 
claims that PTS is the cause of reported symptoms and 
complaints. 1111 This is likely to be especially true when an 
individual is already feeling discomfort in a SBS setting. 


(PM, 3-1074) However, as one commentator has pointed 
out: ‘’Removing the smoker entirely, then, would not 
effect health and comfort problems in 95 to 98 percent of 
tick-buildings." 13 (TDSA, 3-1073) 

Moreover, published dau submined to the RFI 
docket on the contribution of PTS constituents to 
overall ambient air levels in typical workplaces suggest 
that such contributions arc minimal and often indistin¬ 
guishable from contributions from other sources. 14 
(ORNL, 3-499; TDSA, 3-1073; Rcasor, 3-1071; 
Holcomb, 3-1065) Of course, dau from monitoring 
studies on PTS-related constituents in the workplace 
are varied and depend on a number of factors, such as 
the number of smokers present, activity levels, ventila¬ 
tion, total volume, etc. (See Appendix IVbO Neverthe¬ 
less, it is possible to observe trends in the dau. For 
example, after a review of 37 supporting studies from 
the published literature, Philip Morris reports that: 14-31 

... [TJherc is little difference in ambient 
levels of carbon monoxide in smoking and 
nonsmoking areas of workplaces and public 
places and in homes with and without smok¬ 
ers. Other studies indicate that PTS contrib¬ 
utes approximately 30 percent of the total 
panicles in the air of a typical public place. 
Nicotine is ofren used as marker for PTS 
exposures because it is unique to tobacco 
smoke. Typical measurements of nicotine 
range from an exposure equivalent of 1/100 to 
less than 1/1,000 of one filter cigarette per 
hour. This means that a nonsmoker would 
have to spend from 100 to 1,000 hours or 
more in an office, resuurant, or public in 
order to be exposed to the nicotine equivalent 
of a single cigarette. (3-1074) 

Philip Morris also observes that "studies which have 
examined PTS constituent levels of nitrosamtnes, 
nitrogen oxides and volatile organic compounds (such 
as benzene) report minimal contributions to overall 
ambient air levels in homes, the workplace, and public 
places."*** 31 (3-1074) 

In the most comprehensive review and analysis of the 
literature on ETS exposure published to date, research¬ 
ers from Oak Ridge National Laboratories (ORNL) 
observe that "it has been difficult to discern the effect 
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of CO from ETS in any situation except extreme 
conditions of experimentally designed exposure." w 

(ORNL, M99) 

The ORNL monograph on ETS also reports that 
"indoor concentrations of NO, NO Jt or NO a can be 
somewhat elevated when compared to outdoor back* 
ground, but show very' little dependancc upon the 
presence ofETS." The authors also note: "It has been 
difficult for many studies to demonstrate consistently 
elevated levels of formaldehyde due to ETS/ 

The ORNL monograph also reviews and discusses 
studies on the measurement of tobacco smoke panicles 
(RSP s) in the workplace which have employed UV/ 

PM (ultra-violet paniculate miner) methods of 
analysis. Studies indicate the following RSP contribu¬ 
tions from ETS; e.g„ (1) 131 offices—27 ug/m3; (2) 

22 offices—32 ug/m3; (3) 194 offices—28 ug/m3; and 
(4) 31 offices—44 ug/m3. 

The ORNL monograph concludes that: 

Studies of offices, restaurants, train compart¬ 
ments, and public buildings suggest that ETS 
contributes to the indoor air burden of VOCs 
but that other sources predominate. Major 
sources include building materials, furnish¬ 
ings, cleaning products, office machines, 
gasoline, and combustion sources associated 
with cooling, heating, and transportation. 

(ORNL, 3-499) 

Other respondents to the OSHA RF1 reach simitar 
conclusions. Dr. Mark Reasor* after a review of over 23 
published studies, concludes that "ETS is unlikely to 
contribute significantly to daily workplace exposures to 
volatile organic compounds, carbon monoxide, oxides 
of nitrogen, polycyclic aromatic hydrocarbons, and 
nitrosamines," and that "it may influence exposure to 
nicotine and to respirable suspended particulates, but 
under adequate ventilation conditions, this exposure is 
likely to be low." (Reasor, 5-1071) 

The submission by Theodor D. Sterling and Associ¬ 
ates, Ltd. reports results of PTS constituent monitoring 
in workplaces undertaken by TDSA. ,ta ‘ 41 Thc data 
indicate the existence of extremely low levels of 
nicotine — sometimes at or below the detection limits 


of the analytic method — and concentrations of RSPs 
ranging from 10 to 30 ug/m 5 . RSP levels reported in 
nonsmoking workarcas were low (17-20 ug/m*), and 
there were no significant differences reported between 
areas that did or did not receive ventilation air recircu¬ 
lated from smoking lounges. (Sec Appendix IVb.) 
(TDSA, 3-1073) 

Professor Alan Hedge of Columbia University reported 
the results of his study on 4,479 office workers from 27 
air-conditioned offices. Hedge examined the potential 
impact of smoking and smoking policies on reports of 
sick-building syndrome. With the exception of slightly 
elevated levels of nicotine in non-smoking offices 
adjoined to smoking areas, monitoring results for 
various PTS constituents revealed no significant 
differences in workarcas where smoking was permitted 
compared to workareas where smoking was not 
permined. (Hedge, 3-955) 

HBI submined data from their study of 585 offices in 
which various PTS-related constituents were monitored. 41 
(HBI, 3-1053) Aside from increased airborne levels of 
nicotine in smoking offices, the levels of ETS-related 
constituents reported in typical smoking and nonsmoking 
areas were statistically indistinguishable. For example, the 
average level of carbon monoxide in 254 nonsmoking 
offices was 3-1 ppm; the average for 331 smoking offices 
was 3 4 ppm Similarly, the avenge level of particulates 
(RSP ug/m*) recorded for 331 offices in which smoking 
was permined was 46 ug/m*. The average for 254 
nonsmoking offices was 20 ug/mVThe authors note 
that these "real-life respirable paniculate panicle levels 
averaged about four limes lower than the Repace and 
Lowrey model predicted, at 46 ug/m ? * They also observe 
that the average levels of panicles in both smoking and 
nonsmoking workareas were substantially less than the 
level designated as "Limited or No Conoem" (100 ug/m’) 
by the World Health Organization’s "Consensus of 
Conoem for Tobacco Smoke Panicles." 

Thus, a review of the scientific data on exposure levels 
to ETS in the workplace, together with analyses of 
those studies provided by respondents to the OSHA 
RF1, indicate that typical workplace levels ofETS 
constituents cannot be associated with a significant 
exposure risk to nonsmoking worken. 
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PTS; Reports of Chronic Health Effects 
in the Workplace are not Supported 
by the Available Epidemiologic Data 


The scientific literature reporting measurements of 
PTS Gonsurufrhts in indoor air provides little support 
for claims about possible chronic health effects among 
nonsmokers in the workplace. Moreover, the available 
dau from published epidemiologic studies on the work- 
place do not provide sufficient support for the daim that 
PTS exposure in the workplace is associated with chronic 
disease in nonsmokers. (See Appendix Ill; 3. PTS.) 

A primary deficiency in the epidemiologic studies on 
PTS is the lack of reliable exposure data. Published 
epidemiologic studies which report associations 
between spousal smoking and chronic disease (c.g., 
lung cancer, heart disease, etc.) in nonsmokers are not 
based on actual exposure assessments for ETS. Instead, 
these studies rely on subjective responses to question¬ 
naires to assess “exposure" rather than on any quantifiable 
measurement. Questionnaire inquiries regarding 
“spousal smoking" or “living with a smoker" art used 
as surrogate determinants for ETS exposure in these 
studies. Recent studies indicate, however, that such 
subjective assessments are an extremely unreliable and 
inaccurate measure of exposure.” Furthermore, 
questionnaire responses about exposure often vary 
widely when compared with actual measurements of 
ETS constituents in the workplace.” 

Lung Cancer 

The argument that PTS exposure increases the risk of 
lung cancer in nonsmokers is based on an interpreta¬ 
tion of the dau from epidemiologic studies of non¬ 
smoking women married to smokers (spousal smok¬ 
ing). Of the 33 published epidemiolbgic studies on the 
issue of spousal smoking and lung cancer, none 
actually measured exposure to PTS. Moreover, twenty- 
seven of the 33 studies report results which are not 
sutisticaUy significant overall — chat is, their conclu¬ 
sions were consistent with the null hypothesis of no 
association between reported exposure to PTS and lung 
cancer in nonsmokers. Most important, however, is 
that fourteen of the published spousal studies also 
assessed reported workplace exposures to ETS via 
questionnaire (although no actual measurements were 


conducted).* Twelve of the 14 workplace studies 
report associations between ETS and nonsmoker lung 
cancer which do not achieve statistical significance. 

Only two studies report marginally statistically signifi¬ 
cant Increased risks for persons who reported exposure 
to ETS in the workplace. 

Heart Disease 

There are no studies in the published literature which 
have examined actual ETS exposures in the workplace 
and heart disease in nonsmokers. Only twelve 
epidemiologic studies on spousal smoking in the home 
and heart disease in nonsmokers are available. These 
studies, based on marriage to a smoker, are not directly 
relevant to the workplace issue. In addition, the spousal 
smoking studies on heart disease contain no dau on 
actual exposures to ETS. Instead, exposure estimates 
are derived from questionnaire responses. 

Nonetheless, five of the 12 published epidemiologic 
studies on spousal smoking and heart disease did 
anempt to address workplace exposures to ETS.” 

None of these studies reported a sutisticaUy significant 
increased risk of heart disease among nonsmokers 
claiming exposure to ETS in the workplace. Thus, the 
existing literature does not provide support for the 
claim that ETS exposure in the workplace is related to 
an increase in risk of heart disease among nonsmokers. 

Respiratory Disease 
Other Than Cancer^Asthma 

Few studies have examined the issue of exposure to 
ETS in the workplace and respiratory disease (other 
than cancer) in nonsmoking adults.” The studies that 
have been conducted on this issue have reported 
contradictory results. Researchers who have reviewed 
these studies have cited problems with the methodol¬ 
ogy utilized and have pointed out that confounding 
factors (e.g., other exposures) were not considered.” 

Dau on the possible association between ETS 
exposure and increased risk of an asthmatic reactibn are 
similarly inconsistent. There are ten major studies on 
the possible association between exposure to ETS and 
acute respiratory symptoms in adult asthmatics” The 
studies are inconsistent in their reported results which 
range from reported decreases in pulmonary function 
to no acute respiratory effects among asthmatics 
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exposed to ETS. The studies that do report an associa¬ 
tion between adult asthma and exposure to ETS suffer 
from several methodological Haws that include: (1) 
confounding factors that are not adequately controlled 
for in many studies; (2) inadequate sample sizes; (3) 
psychological factors that have not been ruled out; and, 
(4) reliance on unrealistic exposure conditions in 
enclosed smog chambers. 

Thuvfhf available published epidemiologic data on 
reported PTS exposures in the workplace and various 
chronic disease endpoints in nonsmoken do not 
support the claim that PTS poses a significant risk for 
chronic disease among workers. This is not to deny 
that some individuals may nevertheless report annoy¬ 
ance or irritation by the sight or smell of PTS. The 
building systems approach to achieving and maintain¬ 
ing adequate indoor air quality is designed to address 
those kinds of complaints. 


Other Environmental Variables Unrelated 
to IAQ Play a Role in Worker 
Complaints About Health and Comfort 


Advocates of the building systems approach recognize 
the existence of a number of non-lAQ environmental 
variables which influence worker perceptions of health 
and comfort. Hedge et al. have proposed a model 
which identifies five kinds of variables involved in the 
determination of sick-building syndrome. (Hedge, 3-955) 

These include: 

1. Individual factors (age and gender); 

2. Organizational factors (type of job); 

3. Architectural'and engineering factors (type of 
ventilation, office design, controls/access); 

4. Psychosocial factors (stress, satisfaction); 

5. Non-lAQ environmental factors (thermal condi¬ 
tions, lighting, noise). 

A number of studies in the published literature indicate 
that lighting, temperature, humidity, job satisfaction, fob 
stress and ergonomics are factors which will influence the 
kinds of worker perceptions about poor/adequate IAQ. 
(TDSA, 3-1073) For otample, in a SBS study in Den¬ 
mark, Skov and colleagues examined sick-building 
syndrome reports among 4369 office workers. Thar 
research indicated that indoor climate perception was 


strongly related to the prevalence of SBS symptoms. 
Lifestyle factors were only weakly associated with the 
reporting of symptoms. 55 (PM, 3-1074) 

A 1991 report by Hawkins and Wang ranked a 
number of variables related to self-reported symptoms 
of sick building syndrome.* 0 Those variables included: 
“humidiry," “satisfaction with work." “active smok¬ 
ing," “gender^" “exposure to PTS," “office lights" and 
“doing professional work." They concluded: 

Building Sickness Score was associated with 
many factors. Sick building syndrome symp¬ 
toms are influenced by multiple variables of 
which the environmental factor of humidity 
and he psychological factors of work, sex, and 
occupation are important. (PM, 3-1074) 

Based on one of his own studies, Hedge reports tha t 
although ventilation has an important effect on indoor 
air quality, reports from workers in 46 office buildings 
in the U.K. indicated that complaints were even more 
strongly influenced by a number of personal and 
occupational factors such as gender, job stress, job 
satisfaction and computer use. (3-935) 

The American Industrial Hygiene Association 
(AIHA) reports that “psychosocial and physical stresses 
are certainly potential causes of some IAQ complaints 
and should always be considered in any investigation." 
This opinion is based on the experience of AIHA 
members. (3-735) 

Citing two studies, Eagle Environmental Health 
reports that “thermal discomfort, unpleasant odors, 
lack of air movement, insufficient lighting, and 
excessive noise arc also indicated in IAQ investigations. 
Job-related stress many also manifest itself in IAQ 
complaints * (3-500) 

The National Energy Management Institute (NEMI) 
reports: 

The NEMI experience has revealed that there 
are a variety of factors which can interact to 
cause a worker to display indoor environmental 
health-related problems. These factors may 
actually be the primary cause or may acaccTbate 
' an IAQ problem condition. Temperature, 
temperature change, humidity, air velocity, light 
levels, noise as well as psycho-soda) factors 
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should always be considered in presenting and 
investigating IAQ problems. (3-1183) 

The U.5. EPA also recognizes that factors related to 
SBS a it multi-factorial, involving combined environ¬ 
mental and psycho-social stressors. (3-1075; Attach¬ 
ment H) Referencing the World Health Organization 
(1966), the IkS. EPA notes: 

Buildings at highest risk fof SBS] appear to be 
new or recently remodeled buildings with 
tight envelopes, especially those with large 
ventilation systems that depend on limited 
fresh air sources. Improper ventilation, 
thermal conditions, and occupant lack of 
control over climatic and working conditions 
are other factors that may increase the likeli¬ 
hood of a building being linked to sick- 
building syndrome. (3-1075; Attachment E) 

A NIOSH psychologist, Dr. Michael Colligan, has 
offered an explanation for the role of such factors in 
perceptions about IAQ.* 1 (PM, 3-1074) He writes: 

It appears then, that the individual is sensitive 
to fluctuations in the functioning of the 
autonomic nervous system. When perceived 
changes in his subjective state are understand¬ 
able, e.g., ‘1 have an allergy,’ Tve been under 
a lot of pressure to met a deadline,* Tm 
worried about my teenager/ an individual can 
initiate various coping strategics to deal with 
the causes. When the origins of the etperi- 
cnccd distress are vague or unclear, however, 
an individual starts searching around for 
salient cues. If the environment provides a 
plausible cause in the form of a pungent odor 
or dense, stuffy air, then an individual can 
conclude, rightly or wrongly, that the poor 
quality of the environment is responsible for 
his physical and psychological discomfort. 
Notice that this process can occur indepen¬ 
dently of any specific toxic effects the environ¬ 
ment might have on the individual and 
irrespective of the ’real* cause of the auto¬ 
nomic arousal. All that is required is that 
individual experience autonomic arousal in 


response to a subtle or unidentified stressor or 
combination of stressors, cues provided by 
the environment in the form of noxious 
odors, visually detectable particulates or dust, 
or humid, stuffy air, may suggest to an 
individual that his discomfort is a toxic 
response to an airborne pollutant. That 
environment then becomes a source of threat 
to the individual, which in turn may generate 
more autonomic arousal and anxiety. 

Dr. Colligan's observations provide an understanding 
of complaints related to PTS in the workplace. 

Because it is readily identifiable, PTS is often initially 
blamed for IAQ problems (yet after investigation, 
reported exposures to PTS arc directly associated with 
complaints in only 2-4 percent of sick buildings). If 
individuals arc ‘‘stressed’* by their work environment 
(influenced by such diverse factors as temperature, 
humidiry, air movement, ergonomics, workload, 
personal problems, etc.), the mere visibility of PTS 
may provide a cue for a complaint. Recent research by 
Winneke and colleagues indicates that an individual 
who is predisposed to annoyance from PTS will be 
more likely, under actual exposure conditions, to 
respond with annoyance symptoms. 12 (PM, 3-1074) 
Researchers from the Illinois Institute of Technology 
also addressed the issue of nonsmoker perception of 
annoyance and irritation from PTS ccposures. The 
study, involving over 250 subjects, reported that visual 
contact with a smoker affects the magnitude of adverse 
response to PTS among selected nonsmoken. The 
authors suggest that their conclusion ’‘provides an 
inexpensive strategy of reducing complaints associated 
with PTS: eliminate visual contact between smokers 
and nonsmokers." (1IT, 3-31) 

Precise quantitation of psychological variables and 
perceptions of comfort within the context of com¬ 
plaints about IAQ is extremely difficult. Nevertheless, 
the influence of those environmental variables upon 
IAQ complaints should be considered during SBS 
investigations. Ike comfort parameters of humidity, 
temperature and air distribution are related to HVAC 
performance, and the building systems approach is 
capable of addressing those factors. 
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Vend! a lion: The Mitigation 
Procedure for Poor lAQ 


Ambient concentrations of substances measured in 
the non'industrial workplace and reported in the 
published literature rarely approximate occupational 
PEL or TLV levels. Moreover, specific substances arc 
rarely identifiable as causes of complaints about poor 
1AQ. Nevertheless, such complaints arc presumed to be 
"real" (ic., they may present physiological manifesta¬ 
tions) and they may be said to constitute some degree 
of “material impairment" of the worker. 

What remedial and/or preventive measures would 
reduce non-industrial worker low-level ambient 
exposures and complainu about 1AQ? According to the 
building systems approach, the appropriate mitigation 
procedure begins with increased attention to ventila¬ 
tion, and specifically, to adequate supply air, distribu¬ 
tion and air filtration: The RFI docket is replete with 
such recommendations. For example, the New York 
Sute Building and Construction Trades Council 
reports that, based on their experience, “the average 
office setting exposes workers to contaminants from 
machines, carpets, paints, glues, and fungi. These 
contaminants mix with the air the workers breathe on a 
daily basis and affect a persons well-being. Proper 
ventilation has been shown to provide a proven 
antidote to these problems." (3-732) 

1AQ investigators from AFSCME Local 12 from the 
University of Iowa Employees Union report that “we 
have found that insufficient fresh air flow is most often 
the cause of a number of symptoms, including cough¬ 
ing, skin and eye irritations, headaches and upper 
respiratory infections... indoor air quality problems 
can be treated with little effort and expense by improv¬ 
ing or upgrading inadequate ventilation systems to 
increase flesh air flow in the workplace." (3-B09) 

Investigators from GanTox Inc. agree: "(C)ontrol of 
the air exchange rate (Le., ventilation) of a building is 
probably the most important and practical mediation 
practice for management of indoor air quality." (3-1180) 

The Sate of New Jersey Health Department’s investiga¬ 
tion of 221 complaint buildings revealed that over 43 
percent of all cases involved inadequate ventilation. In 


cases where abatement recommendations were made, the 
recommended strategy consisted of increased mainte¬ 
nance, repair, adjustment or redesign of the HVAC 
system. Eighty-four percent of the cases where such 
abatement steps were implemented reported an elimina¬ 
tion of complain a.’ (HBl, 3-1053) 

Indoor air quaiiry in schools has recently become an 
issue of considerable concern. In 1989. Hclsing and co- 
workers reported the results of an 1AQ investigation in a 
school. They reported that "there was an insufficient flesh 
air supply to some classrooms and a large percentage of 
students exhibited classic symptoms of sick-building 
syndrome, i-c., headache, eye burning, fatigue." 4 * Simi¬ 
larly. investigations by Barmen (1987) 45 and Belief 
(1989)^ reported that low air exchange rates in combina¬ 
tion with installation of new building materials was the 
main cause of complaints in the schools chat they investi¬ 
gated. Hclsing et al. concluded: "Correcting the ventila¬ 
tion problems resulted in reduction of symptoms to a 
Itevd approximately equal to that of students in other 
schools in the county." (PM, 3-1074) 

In a 1991 publication, Thompson ct ah. described 
various retrofit projects for HVAC systems in 26 schools 
across the U.S. 45 The retrofits followed the design 
specifications set forth in ASHRAE Standard 62-1989 for 
ventilation: The retrofits were, according to the authors, 
"very effective" at reducing radon and C0 2 levels in the 
schools. The authors alio reported that "many of the 
occupants" believed that 1AQ had improved. (PM, 1074) 

The Sure of Wisconsin Safety and Building Division 
reports that, in their experience: 

Almost without fail,... complaints are 
resolved by ventilating the offices or class¬ 
rooms per sate code. This is a provision of 
outside air (up to 20 cubic feet per minute) 
per person.... These ventilation require¬ 
ments are supported by the American Society 
of Heating. Air-Conditioning, and Refrigerat¬ 
ing Engineers (ASHRAE). (3-10) 

In 1989» Collett and Sterling examined the effect of 
ventilation retrofits on perceived health and comfort 
complaints by building occupants. For the buildings in 
which major retrofits were undertaken, perceptions of 
indoor air quality improved in seven of nine categories 
surveyed. (TDSA, 3-1073) 
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Downing and Bayer recently reported results from 
more than 35 building IAQ investigations.** They 
repotted that the most “common source of IAQ 
problems has been the lack of proper operation and 
maintenance (OficM) of buildings." They further 
observed that "in more than 80 percent of the investi¬ 
gations to date, changes in building O&M significantly 
improve the perception of IAQ by the occupants." The 
researchers recotnfncnd. as pan of their OflcM proce¬ 
dure check list for indoor air quality, "to raise outdoor 
air ventilation to ASHRAE recommended minimum!." 
(PM, 3-1074) 

In 1991 1 investigators of the U.S. EPA’s headquaners 
in Washington, D.C., reponed that they were "unable 
to establish consistent relationships between major 
environmental parameters and self-reponed health 
symptoms among the sampled employees." However, 
based on the number and frequency of complaints 
among workers in those buildings, the research group 
recommends that "an attempt to maintain indoor 
environment in accordance with the ASHRAE guide¬ 
lines should be made."* 7 (PM, 3-1074) 

Similarly, Canadian health officials who investigated 
and compiled the Canadian sick-building database 
(Health and Welfare Canada) observed that recom¬ 
mendations for improvements in ventilation and 
thermal comfort had been made in 60 percent of the 
buildings 1,400 investigated, while control of specific 
pollutants was recommended in only 20 percent of all 
cases.** (PM. 3-1074) 

In 1984, a committee on sick-buil ding syndrome 
from the WHO’s Europe Working Group on Indoor 
Air Research concluded that an increase in outdoor 
supply rates, together with improvements in air 
distribution, had satisfactory results in remediating 
sick-building syndrome. (Lebowicz, 3-188) 

The Ohio Civil Service Employees Association, after 
reviewing three indoor air quality incidents in Ohio, 
endorsed the ventilation approach "as a vital component 
in solving and preventing persistent health and safety 
problems related to indoor air in the workplace." (3-398) 

Steven B. Hayward of the Sate of California Depart¬ 
ment of Health Services recommends adoption of a 
minimum ventilation standard similar to that currently 
in effect as a Cal7OS HA regulation. The Cal/OSHA 


standard requires that a minimum supply of outdoor 
air specified in the Sure Building Standard Code be 
provided, and that the HVAC system be operated 
continuously, inspected regularly, and properly 
maintained. (3-17A) 


A former NIOSH building investigator now associ¬ 
ated with a public health department in New York 
Sure remarked that "indoor air quality problems are 
widespread in buildings throughout the sate. In almost 
all cases, the cause of complaints in a given building 
can be readily identified. In most cases, the problbn is 
the ventilation system for the building. Most ofren 
these complaints are due to exposure to multiple 
substances which are not being adequately exhausted 
from the building due to inadequate ventilation." (NY 
Pub. Emp. Fed., 3-444) 


Respondents to the RFI also observe that adequate 
ventilation is the preferred method for controlling 
ccposures to radon, VOC's, PTS, CO, C) 3 ,and 
bioaerosols. (Eagle EH.. 3-500; Burge, 3-61; HBI. 3- 
1053) Indeed, the U.S. Department of Labor's Occu¬ 
pational Illness Support Group states that PTS and 
radon ... "have seldom been the source of employee 
complaints of poor indoor air quality. With properly 
designed and properly operated ventilation systems, 
exposure to radon and passive smoke can be mini- 
miaed." (3-1017) 


Feasibility (Technological and Economic) and 
Docket Endorsement of Ventilation Rates 
Prescribed for Various Workplace Settings in 
ASHRAE Standard 62-1989 


Ventilation is the cornerstone of the building systems 
approach to acceptable indoor air quality. Air changes 
are required in structures to replace air depleted by 
human respiration, to remove excess humidity and to 
dilute and remove airborne substances which are 
released by indoor sources. Various studies and testi¬ 
monials submined in response to the OSHA RFI 
provide verification for the use of a ventilation ap¬ 
proach in the control of indoor air quality. 

According to submissions to the OSHA RFI docket, 
the most widely endorsed guidelines on ventilation 
have been promulgated by the American Society of 
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Heating. Refrigeration* and Air-Conditioning Engi¬ 
neers, Inc. (ASHRAE), a private, standards-writing 
organization. ASHRAE is a professional organization 
consisting of architects, mechanical and HVAC 
engineers, HVAC systems manufacturers, contractors 
and IAQ mitigation experts. One of the principal 
functions of ASHRAE is the development of consensus 
standards relating to heating, ventilation and air- 
condiupning. ASHRAE develops and promulgates 
standards 'Which are adopted by building code organi¬ 
zations in the United States. (ASHRAE, 5-440) 

In 1989, ASHRAE published a standard entitled 
"Ventilation for Acceptable Indoor Air Qualiry.**’ The 
standard is known as ASHRAE Standard 62-1989 and 
prescribes the rate at which fresh or outside air must be 
delivered to occupied spaces, and the various means to 
condition that air. In 1990, Standard 62-1969 was 
approved by the American National Standards Institute 
(ANSI)] The Standard has been adopted in twelve 
states and by two major building code organizations in 
the Uhited States. It is currently under consideration 
for adoption by the remaining national building code 
organizations. (PM, 3-1074) 

ASHRAE Standard 62-1989 establishes ventilation 
rates and procedures for various indoor settings in 
order to “control dioxide and other contaminants with 
an adequate margin of safety, and to account for 
variations among people, varied activity levcli, and a 
moderate amount of tmolung.**’ 

The ventilation rates recommended by ASHRAE 62- 
1989 are comparable to rates prescribed for indoor 
areas in Finland, Sweden, Japan, and Germany. The 
Standard also accords with the September 1988 draft 
recommendations by the International Committee on 
Indoor Air Quality for the providence of Ontario, 
Canada. That committee recommended a ventilation 
rate higher than 15 cfm/pp for all “offices, schools and 
similar non-industrial buildings.* (PM, 3-1074) 

ASHRAE Standard 62-1969 also recommends limns of 
exposure to various constituents found in indoor air. The 
upper limits for exposure are 1/1 Oth of the threshold Limit 
values (TLV’s) prescribed by the ACGIH.** 

The precursor ventilation standard to ASHRAE 
Standard 62-1989, ASHRAE 62-1981, recommended 


two levels of ventilation, one for areas in which smok¬ 
ing was permined, and another substantially lower rate 
for areas where smoking was prohibited The pre¬ 
scribed ventilation rate in ASHRAE 62-1981 for 
offices in which smoking was permined (20 cubic feet 
outside air per minute per person; 20 efrn/person) was 
4 times greater than the rate recommended for nom 
smoking areas (5 efrn/person). 

IAQ problems were reported by those who followed 
the minimum (nonsmoking) ventilation rates specified 
in ASHRAE 62-1981. Research indicates that die 
ventilation rate for nonsmoking areas (5 efrn/person) is 
insufficient to efficiently dilute carbon dioxide and 
body odor and that occupants under such conditions 
may complain of “stuffy* air. Other research indicates 
that a ventilation rate of at least 15 efrn/person, the 
minimum rate recommended by ASHRAE Standard 
62-1969, and three times the rate recommended for 
nonsmoking areas by ASHRAE 62-1981, would be 
necessary and sufficient to disperse normally occurring 
ambient substances (c.g. CO r body odors, etc.), as well 
as tobacco smoke. 7 * 72 (ASHRAE, 3-440) 

In recent testimony before a Congressional Subcommit¬ 
tee, Mr. John Janssen, the Chairman of the ASHRAE 
Standards Project Com mi nee for 62-1989. stated: 

Prior to the oil embargo of 1973, buildings 
tended to be over-ventilated and indoor air 
quality problems were not widely recognized. 
Ventilation recommendations for office 
spaces, for example, ranged all the way from 5 
to 25 cubic feet per minute peroccupant. In 
1973, ASHRAE published the first edition of 
Standard 62, which allowed a minimum of 5 
dm of outdoor air per person for some 
applications. Most state and city building 
codes still reference ASHRAE Standard 62- 
1973, “Standard for Natural and Mechanical 
Ventilation.” 

In 1981, the ASHRAE Ventilation Standard 
was revised to incorporate new technology 
and new awareness of such issues as tobacco 
smoke, which was not mentioned in the 1973 
version. Research results (some ASHRAE 
sponsored) showed that the minimum 
ventilating rate of 5 dm per occupant permit¬ 
ted under 62-73 would not adequately control 
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occupant-emined odors. At least 15 cfrn per 
occupant was needed to reduce the odor level 
to a point acceptable to 80 percent of the 
people entering an occupied space. This 
amount of ventilation was found sufficient to 
control tobacco-smoke odor when the smok¬ 
ing rate is about todays average. (PM, 3-1074) 

In ASHRAE's submission to the RFI docket, Janssen 
writes: 

ANSI/A5HRAE Standard 62-1989 is an 
authoritative guide for achieving acceptable 
indoor air quality. The Standard defines 
ventilation rates needed to achieve freedom 
from odor, irritation and create a comfortable 
indoor environment. As the only nationwide 
consensus-based technical standard on 
ventilation and acceptable indoor air quality, 
ASHRAE recommends Standard 62-1989 as 
the standard of choice for adoption by 
reference for state and local building codes 
and regulations. (3-440) 

A number of respondents to the RFI endorse the 
ventilation procedure specified in ASHRAE Standard 
62-1989 and recommend its adoption as the basis to 
possible OSHA recommendations on 1AQ. (Law 
Associates 3-1200; ENV Services, Inc., 3-1089; 
Organization Resources Counselors, Inc., 3-1084; the 
National Environmental Development Association's 
Total Indoor Environmental Quality Coalition 
(NEDA/TIEQ), 3-1054; Healthy Buildings Interna¬ 
tional (HBI), 3-1053; Systems Applications Interna¬ 
tional (SAI), 3-1052; US. Navy, 3-982; Stellmack Air 
Conditioning and Refrigeration, 3-978; Oklahoma 
Dept, of Labor, 3-945; Pennsylvania AFL-CIO, 3- 
908B; Duke Power Company, 3-860; American 
Association of Occupational Health Nurses 
(AAOHN), 3-803; American Federation of Govern¬ 
ment Employees, 3-529i ASHRAE, 3-440.) 

Other respondents, including governmental and private 
1AQ investigators and mitigation experts, industrial 
hygienists and engineers, recommend use of the Standard 
for achieving acceptable indoor air quality. (Meckler 
Engineers Group, 3-1081; Theodor D. Sterling & 


Associates (TDSA), 3-1073; Occupational Illness Support 
Group Local 12,3-1017; RJ. Reynolds Tobacco Com¬ 
pany (RJR), 3-1087; US. Navy, 3-982; Business Council 
on Indoor Air (BCIA), 3-933; Genhon Meckler Associ¬ 
ates, 3-879; the Center for Environmental Assessment, 

Inc., 3-687; Sheet Metal and Air Conditioning 
Contractor's National Association^ Inc (SMACNA), 3- 
856; International Brotherhood ofTeamnm, 3-858; 
Consolidated Edison Company of New York, 3-828; 
Caterpillar, Inc. 3-805; Philip Morris Companies, 3- 
1074; United Technologies, 3-651; Dow Chemical 
Company, 3-502; Thomas E Glavinich, D.E, P.E, 3- 
498; Ford Motor Company, 3-447; Sy«ems Applications 
International (SAI), 3-1052.) 

One of the largest private 1AQ diagnostic and mitiga¬ 
tion firms in the U.S., Healthy Buildings International, 
Inc, writes that “ASHRAE Standard 62*1989, ‘Ventila¬ 
tion for Acceptable Air Qualityis perhaps the single 
most useful document we have in our efforts to commu¬ 
nicate the proper practices for ensuring good indoor air 
quality in commercial buildings. We support its use, 
continued development and incorporation into future 
building codes, standards and IAQ legislation.” (3-1053) 

The submission by Meckler Engineers Group nates: 

ASHRAE Standard 62-1989 is the only 
recognized authority that specifies the desired 
performance of building ventilation systems.. 

.. If OSHA decides that it is appropriate to 
regulate workplace IAQ at the national level, 
adoption of ASHRAE Standard 62-1989 
would be the best strategy. (3-1081) 

The EPA's subminion to OSHA includes its hand¬ 
book for remediation of indoor air quaiicy problems. 
EPA's recommendations include: “Compare design air 
quantities to building codes for the curicnt occupancy 
or ventilation guidelines (e g., ASHRAE 62-1969). and 
compare ventilation rates to ASHRAE 62-1989." The 
handbook also recommends that it would be "informa¬ 
tive to sec bow your ventilation race compares to 
ASHRAE 62-1989. because that guideline was devel¬ 
oped with the goal of preventing IAQ problems." 

(EPA. 3-1075 D) 
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Ventilation Effectiveness: The Ventilation Rates 
Specified in ASHRAE 62-1989 Arc Effective in 
the Mitigation of Poor lAQand the Maintenance 
of Acceptable LAQ, According to Scientific Data 
and the Professional Experience of 1AQ Experts 

ASHRAE Standard 62-1989 prescribes the rate at 
whieh^resh or outside air must be delivered to occupied 
spaces and the various means to condition that air. The 
Standard recommends a ventilation rate of 20 cubic feet 
of outside air per minute per person for most commer¬ 
cial and non-industrial workplace facilities, with 15 cfm 
as the minimum ventilation rate. However, the key 
question is whether or not the ventilation rates specified 
by ASHRAE 62-1989 art sufficient to mitigate poor 
indoor air qualiry and to maintain acceptable indoor air 
quality. A number of submissions to the OSHA RF1 
provide data which support the effectiveness of 
ASHRAE 62-1989. For example, the submission by the 
National Environmental Development Associations' 
Total Indoor Environment Quality Coalition states that 
41 while data do not exist to determine the optimal 
ventilation rate, the ASHRAE Standard [rate] of 20 
cubic feet per minute per person appears to maintain 
adequate air quality in environments where the HVAC 
systems are designed to deliver that ventilation, and 
where those systems are properly maintained " (3-1054) 

The Food and Allied Services Trade Union states that 
ensuring an adequate fresh air supply “has been shown 
to be the single most effective method of correcting and 
preventing problems and complaints related to poor 
indoor air quality. . . . fresh outdoor air should be 
adequately distributed to all office areas during the 
entire time they are occupied, at a minimum rate of 20 
cfm per person.* (3-434) 

A number of recently published studies on ventilation 
effectiveness also support the ventilation rates of ASHRAE 
62-1989. In 1991, Menzies et al concluded, after examin¬ 
ing die effect of various levels of outdoor ventilation on 
sick-building syndrome symptoms, that “increasing the 
amount of outdoor air from 20 to 50 cfm per person did 
not result in a reduction of symptoms considered typ ical of 
SBS among office workers.The authors concluded that 
“this study supports the continued use of 20 cfm pp as the 
minimum standard for the supply of outdoor air to indoor 


non-industrial space * Similarly, Nagda et al. reported on 
a study conducted in a 20-story government office 
building. Although they reported limited differences in 
measured and perceived indoor air quality comfort 
complaints, they concluded that “occupants consistently 
reported fewer health symptoms in the presence of 
higher ventilation.* 74 (PM, 3-1074) 

1AQ investigators Downing and Bayer recommend, 
as pan of their operation and maintenance procedure 
checklist for achieving acceptable indoor air quality, 
raising “outdoor air ventilation to ASHRAE-recom- 
mended minimum*.** 6 This recommendation Has led 
to improved perception of IAQ by occupants in more 
than 80 percent of the investigations completed to date 
by the researchers. (PM, 3-1074) 

In a sick-building case investigation featured in Indoor 
Air Quality Update (October 1991), investigators 
reported “uncomfortable environmental conditions in 
all locations due to inadequate air flow rates, which 
range from 30 percent to 70 percent below the 
ASHRAE design standard of 20 cfm/person in office 
environments." 71 The investigators recommended an 
increase of fresh air ventilation in accordance with the 
ASHRAE Standard for ventilation in order to "im¬ 
prove air circulation and comfort levels.* (PM, 3-1074) 

Hicks (1984) reported reduced symptom prevalence of 
eye irritation, sinus congestion and headache when 
outside air ventilation rates were increased in two build¬ 
ings in California. In the Erst building, an increase in the 
ventilation rate from 5-7 cfm/penon to 25-32 cfm/person 
led to a reduction in symptom prevalence from 60-73 
percent to 25-32 percent. Similar results were reported in 
the second building, where an increase in ventilation from 
4 cfm/person to 22 cfm/pcrson lead to a reduction in 
symptoms (from 48-57 percent to 23*34 pcrcentV 
(Reported in TDSA, 3-1073) These dau support the 
claim that compliance with ventilation rates specified 
in ASHRAE Standard 6i-l989 (Le. 20 cfm/person) 
has a positive impact on occupant comfort perceptions. 

Investigators from HB1, Inc. recently reported on an 
indoor air quality investigation in a school in which 
they recommended, in order to "prevent the build-up 
of all indoor airborne pollutants within the building .. 

. that ASHRAE's suggested ventilation rate of 15 cfm/ 
person be obtained throughout the building during 
rimes of occupancy." 76 Similarly, Turner and co- 
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workers investigated 29 different schools in which they 
reported that the “amount of ventilation being pro¬ 
vided was, in general, found to foil then of the current 
ASHRAE Standard 62-1989 guidelines." The research¬ 
ers recommended that each school operate under the 
ventilation rates prescribed by ASHRAE Standard 62- 
1989. 7, (PM.£l074) 

The effectiveness of ASHRAE Standard 62-1989 for 
dilution of PTS constituents has also been evaluated by 
scientists. In 1990, researchers presented results of their 
work comparing the effects of increased ventilation 
recommended by ASHRAE 62-1989 in areas where 
smoking is permitted and in areas where it is prohibited. 71 
Through the aid of computer models, the researchers 
demonstrated that air quality in the areas where smoking 
is permitted does not differ significantly from the quality 
of air in nonsmoking areas , where both areas are supplied 
with outdoor air at levels recommended by ASHRAE 62- 
1989. (Holcomb, 3-1065) 

In their review of PTS-ielated air quality monitoring 
in different workplaces under various smoking condi¬ 
tions, researchers from TDSA Ltd. conclude “in office 
areas in which (a) smoking is allowed, and (b) outside 
air ventilation rates meet or exceed the ASHRAE 
ventilation standard, nicotine concentrations have 
typically been less than 5 ug/m* and respirable sus¬ 
pended panicle levels have ranged berween 20 ug/m 5 
and 60 ug/m». l<Ja -° (TDSA, 3-1073) 

In their submission to the OS HA docket, scientists 
from HBI, Inc. summarized the results of a paper 
entitled “The Measurement of Environmental Tobacco 
Smoke in 585 Office Environments (HBI, 3-1053) 
The authors write: 

Computer analysis shows that when 'blind¬ 
folded* for presence or absence of smoken, in 
most cases realistic smoking levels do not 
significantly influence the aspects of air quality 
that were measured, and spill over from smoking 
areas into nonsmoking areas appears to minimal. 
This work further reinforces the position the 
American Society of Heating, Refrigerating and 
Air-Conditioning Engineers (ASHRAE) has 
taken on ETS in office buildings in ASHRAE 
Standard 62-1989 (1989), that acceptable air 
quality can be maintained in properly ventilated 


offices with a moderate amount of smoking, 
even without smoker segregation. 

Professor Alan Hedge offers the following observation 
on the basis of his extensive experience in monitoring 
PTS constituents during investigations of sick-building 
syndrome: “Our data show that modem ventilation 
systems are capable of diluting the small pollutant loads 
from smoking at the levels which we observe, without 
necessarily exposing no ns mo leers to significant elevated 
levels of indoor air pollutants.” (3-955) 

Company scientists from RJ. Reynolds repo r ted on a 
recently completed study of four office buildings. (RJR, 
3-1087) Two of the buildings investigated had a policy of 
unrestricted smoking; in the other two buildings, smok¬ 
ing was restricted to separately exhausted lounges. 
Regardless of smoking policy, RJR reports all ventilation 
and indoor air quality indicators were “well within 
applicable standards." The authors write 

In summary this study demonstrates conclu¬ 
sively (a) that with an HVAC system that is 
adequately designed, operated in accordance 
with current ASHRAE standards and properly 
maintained, all indicators for PTS tre at 
extremely low, M minimis levels, even in the 
presence of substantial smoking activity, and (b) 
that such smoking activity has a negligible effect 
on contaminant levels in buildings where 
smoking is unrestricted. (3-1087) 

RJR concludes; 

RJR believes, based on io own detailed research 
and the consistent results of other workplace 
assessments, that a properly designed and 
maintained HVAC system that is operated in 
accordance with the ventilation rate procedures 
of the ASHRAE Standard 62-1989, will be 
effective in assuring that exposures to PTS will 
be de minimk 

Based on their own case studies, the National Energy 
Management Institute (NEMI) acknowledges that 
exposure “to the odor caused by excessively high concen¬ 
trations of PTS can be annoying to nonsmokers." NEMI 
suggests that “several avenues cost to address this prob¬ 
lem. First and foremost is to apply the ASHRAE 62-1989 


18 


IAQ BUILDING SYSTEMS APPROACH 


Source: https://www.industrydocuments.ucsf.edu/docs/mpdl0000 


202S166772 



ventilation standard ... workplaces operating in accor¬ 
dance with ASHRAE 62-1989 will not have PTS 
annoyance problems because the ventilation system will 
effectively remove all smoke.” (5-1183) 

In their comprehensive review of indoor air quality in 
non-industrial occupational environments, Morey and 
Singh write that "ASHRAE Standard 62-1989 is 
probably the most important document in the LAQ 
literature."7 (Morey» 3-505) They note: 

It reflects a consensus reached since 1983 by 
knowledgeable individuals from engineering; 
industrial and academic groups. Janssen 
points out that the ventilation rates recom¬ 
mended in Standard 62-1989 for the most 
pan are similar to 'recommended' rates in 
Standard 62-1973 and to the rates recom¬ 
mended for smoking environments in Stan¬ 
dard 62-1981. 

A key feature of Standard 62-1989 and its 
ventilation rate procedure is the increase in the 
minimum outdoor ventilation rate from 5 to 15 
cfm per person. Outdoor air requirements 
recommended by the ventilation rate procedure 
make no distinction between 'smoking-allowed' 
and 'smoking-prohibited’ areas. A minimum of 
15 cfm of outdoor air per person as specified in 
the ventilation rate procedure is recommended 
because new research indicated that this is the 
minimum amount of outdoor air needed to 
dilute body and tobacco smoke odors to 
acceptable levels. The outdoor air requirements 
specified in the ventilation rate procedure must 
be delivered to the occupied zone. Design 
assumptions with regard to ventilation rates and 
air distribution to the occupied zone arc 
required by Standard 62-1989. 

Standard 62-1989 also requires that the 
design documentation for a HVAC system 
cute dearly which assumptions are used in 
design. This allows others to estimate the 
limits of the HVAC system in removing air 
contaminants prior to commissioning and 
prior to the introduction of new contaminant 
sources into the occupied space. 

A key provision in Standard 62-1989 now 
requires that when the supply of air to the 


occupied zone is reduced (for example, in 
VAV systems); provision be made to maintain 
minimum flow rates of outdoor air through¬ 
out the occupied zone. 


The Building Systems Approach is Cost-Effec- 
five; Costs Due to Increased HVAC Ufcc Are 
Likely to be M inimal and Offset by Improve¬ 
ments in Worker Comfort and Well-Being 


Critics of the building systems approach to acceptable 
indoor air quality suggest that initial construction 
costs, operating costs and maintenance costs associated 
with increased ventilation would be burdensome to the 
building owner or manager. However, this claim does 
not appear to be supported by any specific data 
submined in response to the OSHA RFI. On the 
contrary, published data indicate that initial and 
operating costs associated with increased ventilation 
rates specified in ASHRAE 62-1989 would be mini¬ 
mal, and that maintenance costs would be virtually 
unaffected by an increase in ventilation. Indeed, the 
data suggest thar any increased costs associated with the 
building systems approach would be more than offset 
by a reduction in employee absenteeism and com¬ 
plain u, and a potential improvement in worker 
productivity. Many respondents to the OSHA RFI 
believe that the building systems approach may be the 
most cost-effective approach to the maintenance of 
acceptable indoor air quality. (For a review of the RFI 
Docket on the cons of upgrading ventilation systems, 
see Appendix V.) 

Data submined to the OSHA RFI specifically address 
the anticipated and real com associated with the 
adoption of the ASHRAE Standard 62-1989 "Ventila¬ 
tion for Acceptable Indoor Air Quality." The Standard 
has already been adopted in 12 nates and by 2 major 
building code organizations in the United States. It is 
currently under consideration for adoption by the 
remaining national building code organizations. If 
adopted by building code organizations, municipal and 
local governments in the U:S. will include the Standard as 
part of their local governing building oodc. ASHRAE 62- 
1969 will then serve as the design standard for ventilation 
for all nrwwd rttrofixud buildings. 
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An earlier version of the ventilation standard, 

ASHRAE 62-1973, specified a recommended ventila¬ 
tion rate of 15 cfm/person. The 1973 version of the 
Standard was incorporated into building codes and was 
in effect throughout the 1980s. (ASHRAE Standard 
62-1981, which specified a minimum ventilation rate 
of 5 cfm/pcrsoto, did not receive approval by ANSI and 
was not adopted by building code organizations.) 

There are few differences in design specifications 
between the recommended ventilation rates in Stan¬ 
dard 62-1973 and the minimum ventilation rates 
specified in ASHRAE Standard 62-1989. Therefore, 
capital (initial or first) costs are not likely to be appre¬ 
ciably higher for the 1989 version of the Standard than 
those required by ASHRAE 62-1973. 

It is recognized by contributors to the OSHA RF1 that 
any increased costs associated with the adoption of 
ASHRAE 62-1989 will vary according to specific 
workplace configurations. Both the 1973 and 1981 
versions of Standard 62 permitted a minimum ventilation 
rate of 5 efrn/person, compared with the minimum rate 
of 15-20 cfm/person specified by ASHRAE 62-1989. 
Energy costs associated with the operation of ventilation 
systems in compliance with the minimum recommenda¬ 
tions in ASHRAE 62-1989 therefore can be expected to 
increase annual energy budgets for some buildings, 
depending upon the location of the building.*^ 4 How¬ 
ever, maintenance costs for HVAC systems should not 
vary appreciably from those in compliance with either the 
1973 or 1981 versions of the ASHRAE Standard. 

The impact of increased (outside air) ventilation rates 
upon initial costs and annual operating costs has been 
assessed by researchen from Lawrence Berkley Laboratory 
(LBL).* 41 Using a series of computer Simula dons, the 
authors estimated changes in initial and operating costs 
associated with increasing minimum outside air supplies 
from 5 cfm/person to 20 dm/pereon. The prototype for 
the simulations was a standard 100,000 ft 3 building in 13 
different locations throughout the United States and 
Canada Estimated capita] costs for HVAC equipment 
wen small, amounting to les than 5 percent of total 
building costs or, at most, 35 cents/ft 3 . Operating costs 
for heating were estimated to increase by a maximum of 8 
percent annually; costs for cooling increased to a maxi¬ 
mum of 14 percent Average annual energy operating 
com were estimated to increase by about 3-5 percent 
overall. fTDSA, 3-1073) 

20 __ 


In 1990, the LBL authors extended the computer 
simulations to apply to small and medium size office 
buildings. 13 Annual energy costs were estimated to 
increase about 5 percent for small office buildings and 
3 percent for medium sized offices. (TDSA, 3-1073) 

Recent testimony from The Sheet Metal and Air- 
Conditioning Contractors National Association 
(SMACNA) before Congress describes another simu¬ 
lated study which estimates that an increase from 5 to 
20 percent outside air would cost an additional 11,800 
in annual energy expenditures for a 100,000 square 
foot office building. u This is equivalent to an increased 
operating con of about $0.02 per square foot 
(SMACNA, 3-1073) 

The submission from the BOA reports: 

The Bonneville Power Authority and the 
Department of Energy have both estimated 
that the energy penalty for bringing ventila¬ 
tion rates into compliance with the ASHRAE 
Standard would be in the range of 4 to 5 
percent regardless of the buildings type or 
location ... an analysis by Flatheim con¬ 
cluded that increased energy consumption 
resulting from upgrading 1AQ may total as 
much as 8 percent, but is more than compen¬ 
sated for by a 1 percent improvement in 
productivity. (3-933) 

The BCLA submission continues: 

The costs of complying with the ASHRAE 
Standard will depend, in large pan, on the 
building size and locauon. For a 36,000 
square feet building in southern California the 
costs associated with increasing the ventilation 
from 5-20 cfm/person was $0.25 to $0.30 per 
square foot per year. This cost was associated 
with cooling and did not involve additional 
ducting-zoning costs or any control costs. 

The submission from TDSA Lid. reports on an estimate 
of the incremental capital corn of incorporating the 
ASHRAE Standard into a 200,000 fr 3 office building. 

The researchers note that the mechanical engineers* initial 
estimate of the increased capita) cons was less than 
$7,000, or approximately $0.04/ft 2 , for a building project 
budgeted at 520,000,000. (TDSA, 3-1073) 
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Com menu from Mr. Joseph Ventresca report on a 
model energy consumption simulation for 1 100,000 
ft 3 office building located in Columbus, Ohio.* 4 Cost 
increases associated with an increase in outside air from 
5 to 20 cfm/person were: * Heating energy increases of 
0 percent to 8 percent; cooling energy increases of 1 
percent to 14 percent, clecuic demand increases of 0.5 
percent to 8 percent; insignificant fan energy increases; 
and total energy cost increases of less than 5 percent.” 
(Ventresca, 5-941) 

Additional submissions to the OSHA RFJ docket 
suggest that increases in ventilation rates to meet 
ASHRAE Standard 62-1989 will not necessarily 
increase annual energy budgets. (EPA, 3-1075D; G. 
Mecklcr, 3-879; Ventresca, 3-941) TDSA Ltd con- 
dudes that any "increased costs arc minimal, both in 
real terms and in rdation to the potential savings in 
reduced absenteeism and improved produaivity 
associated with increased occupant satisfaction with 
indoor environmental condition.'’ (3-1073) 

Other submissions to the OSHA RF1 docket agree with 
TDSA Ltd.’s analysis. For example, in SMACNA’s 
building energy cost simulation study, additional outside 
air ventilation was estimated to increase energy coru by 
about SI ,800 on an annual basis for a 100,000 square 
foot building. 13 According to SMACNA, the same study 
“compared the cost of absent or sick workers affected by 
unhealthy ventilation and concluded that increased 
ventilation costs 1/135 of the costs of absent and sick 
employees." (SMACNA, 3-856) 

In a 1991 publication, Mr. Peter Binnie describes a 
hypothetical situation where energy costs for maintain¬ 
ing acceptable 1AQ are considered in terms of em¬ 
ployee absentee rates.* 5 He writes: 

Consider the following situadon. In a typical 
building of 100,000 square feet, the move horn 
20 cubic feet per minute (10 Lines per second) of 
fresh air per person down to, say, 5 cubic feet 
per minute (2.5 litre pa second) pa person 
may on average result in con savings of perhaps 
$20,000 per annum. This could represent a 
40% savings in the energy corn associated with 
ventiladon, or 10-15% of the building's overall 
energy budget. Everyone in upper management 
would be pleased, and one can be certain chat 


future years' budgets would be reduced to reflect 
the actual costs of this first year. Thus, the 
building is now doomed to function with no 
more than 5 cubic feet pa minute (2.5 litres per 
second) per person. As HB1, ASHRAE and 
many others have found, this action results in 
unacceptable indoor polludon and increased 
absentee rates. 

In the United Sates and Europe, offices are 
commonly staffed with a generous average of 
150 square feet of space pa employee. Thus, in 
the hypothetical building of 100,000 square 
feet, there would be 67 staff. If they arc paid the 
minimum wage of $15,000 pa annum, the 
payroll bill would reach $10 million pa annum. 
This means that every 1 % of absenteeism would 
con $100,000 per annum. Surely a decision to 
save $20,000 per year on energy that results in 
reducing worker productivity and increasing 
absentee rates involving hundreds of thousands 
of dollars in costs is poor business judgment. 
(Armitage, 3-934) 

Similarly, a 1990 report issued by the United States 
Air Force estimates the following:** 

The cost of personnel in the Air Force aver¬ 
ages about $250 00 per square foot per year; 
The maintenance and energy costs for all 
operations in a building rarely exceed $7.00 
per square foot per year. Of the $7.00, no 
more than $2.00 are energy costs If the 
unlikely proved true and we saved half of all 
energy costs by running closed or minimum 
fresh air cycles, that would be $l.00/sq fi/yr. 
This is the equivalent of seven hours per 
square foot of personnel time. This is less than 
two minutes per day per year. If only two 
minutes per day productive time is lost, then 
all energy savings arc wiped out. Respiratory 
disease is at lean 1.5 to 3 rims more likely in 
a tight environment. Common respiratory 
infeaion episodes last eight to ten days with 
one to two days of absence being usual. The 
average number of respiratory infections 
involving colds and flu is one per person per 
year based on National Center for Health 
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Statistics data. Tight buildings are likely bo 
raise that number to between 1.5 and 3.0 
episodes per person per year. Using the lower 
figure of one day ofloss per episode, we have 
raised the lost days from one to between 1.5 
and 3 per person per year with an average of 
2.25 days. This is an average increase of 1.25 
days. By this measure alone wc have lost 10 
hours, three more than is required to put us in 
the deficit col umn. Three of the days of 
infection arc likely to suffer from reduced 
productivity by at least 20% for a total of 60% 
of a day. Con is now 1.85 excess days lost; 1.85/ 

220 « 0.84% x S250/sq ft/yt - J2.10/sq ft/yr. 

This con already exceeds the savings possible by 
funning the air handler with inadequate fresh air 
by 2.1 times. This analysis does not begin to 
address the losses due to aggravation of pre¬ 
existing problems such as asthma and allergies, 
the con of other diseases known to result from 
improper maintenance and operation of air 
handlers, the loss in productivity due to irritant 
effects of poorly controlled ‘comfort* parameters 
or the losses due to the social atmosphere 
surrounding the problems generated. The actual 
savings from running dosed cydc are even less 
than the generous $ 1.00 we allowed. It is usually 
necessary to increase total outside added air from 
roughly 10% of total flow to obtain adequate 
fresh air and control CO, to appropriate levels. 

If all of the $2.00 were going to climate control, 
this represents only 20 cents rather than a dollar 
in savings. Since this is so, the actual relative loss 
from increase in infections is $2.10/0.20 « 10.5 
times the possible energy savings if all energy is 
used for heating. This is a poor bargain. (PM, 3- 
1074; Poitrast, 3-34) 

Several researchers have argued that the com of 
increased worker absenteeism attributable to poor 
indoor air quality would greatly exceed any energy 
expenditures due to increased ventilation. Using a 
100,000 square feet office building as an example, 
researchers have estimated that increased energy costs 
for a year would be equivalent to com associated with 
_ day of absenteeism over the buildings entire 
workforce. 1 ’ (HBI, 3-1053; Armitage, 3-934) Another 
investigator suggested that a one percent absenteeism 


rate would be equivalent to an expenditure of over 
$100,000 annually, compared to an increased annual 
cost for ventilation of $20>000, r 

Thus any anticipated cost increases due to incorpora¬ 
tion of ASHRAE 62-1989 will be offset by improve¬ 
ments in productivity and projected reductions in 
absenteeism. One reviewer notes: 17 

The enlightened owner or energy manager 
must develop a new perspective of energy 
costs and comparable air quality costs. It has 
been suggested that such a comparison could 
compare the annual cost of energy on a square 
foot basis to the annual cost of human capital 
on a square foot basis. The latter 'productivity 
factor’ would use annual wage and salary and 
health cost line items and divide by the 
occupied office space. Using a typical com¬ 
parison, energy could be assumed at around 
$3.00 sq/ft/yr, but human capital will typi¬ 
cally be as much as $300 sq/ft/yr. From this 
perspective, even a dramatic change of 25-50 
percent of energy com equates to only a few 
minutes of human capital time ... or produc¬ 
tivity. Productivity therefore becomes the 
dramatic dominant economic factor. (3-1074) 
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Source Control: The Alternative Mitigation 
Strategy for Poor 1AQ 


Scientific data support die effectiveness of the ventila¬ 
tion rates prescribed by ASHRAE Standard 62-1989 
for improvement and maintenance of indoor air 
qualityyThjC ventilation rates were specifically designed 
to “control carbon dioxide and other contaminants 
with an adequate margin of safety, to account for 
variations among people, varied activity levels, and a 
moderate amount of smoking.* 4 * The available pub¬ 
lished scientific lirerature submined to the OSHA RF1 
docket support! this position. 

Several submissions to the OSHA RF1 docket reject 
the building systems approach and recommend that 
more attention be given to controlling sources of 
indoor air pollution. Advocates of source control argue 
that (1) the costs associated with increased ventilation 
will be prohibitive; (2) a building systems approach 
would generate unnecessary regulations and govern¬ 
ment involvement in business, and (3) particular 
chemical agents can be identified at exposure levels that 
constitute risks to workers, and the agents' removal will 
not incur significant cost. 


Source Control Fails to Address Total 
lAQand is Not Supported by Dau on Source 
Strengths, Exposures or Health Effects 


The building systems approach and the source 
control approach to LAQare not necessarily mutually 
exclusive, but a large pan of the source control strategy 
would appear to be the result of a misunderstanding of 
the IAQ issue. This fundamental misunderstanding 
generates mitigation strategics which fall thon of 
satisfying objectives for toul acceptable indoor air 
quality. For example, a source control strategy cannot 
address the fundamental issues of the building systems 
approach, namely, the dilution and removal of by¬ 
products of human metabolism and non-industrial 
work-related activities. The ventilation rates prescribed 
by ASHRAE 62-1989 arc intended to effectively dilute 
and remove water vapor, carbon dioxide, odors and 


panicles associated with human metabolism, as well as 
the by-products of work-related processes and activities 
typically found in an office, school or mail setting 
Such processes or activities range From simple move¬ 
ment (and the raising of dust particles from carpets) to 
food preparation, cleaning, copying and smoking. 

Sole reliance upon source control for achieving 
acceptable indoor air quality ignores another funda¬ 
mental principle of the building systems approach, i.e., 
that a specific airborne source often cannot be identic 
fied and associated with complaints about IAQ. Even 
advocates of source control recognize this failure. For 
example, one proponent writes that while the impor¬ 
tance of a source is “a function of the health effects of 
its emissions... not enough is known about these 
effects * Moreover, the author realizes that “we are 
unlikely to have a great deal more information about 
health effects in the foreseeable future.* Indeed, it is 
also recognized that “even the strength of source 
emissions is not well understood for most products." 

The advocate of source control Fails to acknowledge 
that the presence of lome constituents in indoor air is 
unavoidable, and that inadequate ventilation has been 
identified as one of the major causes of complaints 
about IAQ. Source control addresses neither of those 
issues. 

Other potential problems associated with a source 
control approach to IAQ could be insurmountable. For 
example, of the thousands of possible constituents in 
indoor air, which are to be "controlled at the source?" 
Who will decide — a building manager, operator, or 
an indoor air qualiry mitigation expert? WiU indoor air 
quality monitoring be required for all non-industrial 
workplaces? (This would constitute a cost-prohibitive 
recommendation; see Appendix VI concerning the 
costs of monitoring and laboratory analysis for indoor 
air pollutants ) At what level of exposure would a 
program for removal of a given source be activated? 
The latter question presupposes the development of a 
program of PELs or TLVs for exposures to potential 
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subsunco in the non-industrial workplace, which would 
be presumably different than chose specified by OSHA 
for industrial workers. Yet, by the admission of the 
advocates of source control, such a program could not be 
based on actual data because source emissions are “not 
well understood for most products.” (Levin, 1991) 


A Source Control Example: 
The Smoking Ban 


A smoking ban is the most common example of the 
source control strategy, perhaps because it is perceived 
as a quick, simple and inexpensive “solution” to 
complaints about LAQ. Advocates of the smoking ban 
argue chat only a ban will eliminate the purported 
“risk” associated with exposure to ETS in the work¬ 
place. (ASH, 3-991 and 3-1030; Repace and Lowrey, 
3-1061; EPA, 3-1075) 

The 1986 Surgeon General's Report suggested that 
simple separation of smokers and nonsmokers would 
not eliminate exposure to ETS, and this position is 
relied upon by advocates of the smoking ban. How¬ 
ever, the Surgeon General’s opinion was not based 
upon actual scientific dau regarding the efficacy of 
simple separation of smokers and nonsmokers. More¬ 
over, the implementation of a smoking ban as a 
approach to the mitigation of LAQ problems ultimately 
foils to address critical 1AQ issues. For example, the 
smoking ban advocate completely ignores compelling 
dau from the various sick-building syndrome databases 
which indicate that rarely, if ever, are complaints about 
indoor air quality related to smoking. The smoking 
ban proponent also ignores additional dau that suggest 
chat typical nonsmoker exposure in the workplace is 
minimal, that epidemiologic studies on reported 
exposures to PTS in the workplace and chronic disease 
do not support the claim that PTS poses an increased 
risk for nontmokers, and that the ventilation rates 
prescribed by ASHRAE 62-1989 will effectively dilute 
and remove PTS constituents from the workplace. A 
smoking ban itself will do nothing to improve fresh air 
ventilation, and nothing to address exposure to other 
substances in the indoor air. 

A number of submissions to the OSHA RF1 docket 
confirm the foregoing criticisms of the smoking ban. 


For example, according to the American Federation of 
Government Employees: 

AFGE’s experience indicates while PTS may 
be a problem in a small number of situations, 
complainu of smoke in the air are generally a 
symptom of a poorly designed and mainuined 
ventilation system. Nevertheless, some 
employers seek to ban or restrict smoking to 
eliminate the visible symptoms of ventilation, 
and thus divert attention from a host of 
unseen toxic substances commonly found in 
the work environment. (3-529) 

Similarly, another union observes: 

Poor air quality is often blamed on smoke. 

While second hand smoke may contribute to a 
problem, it is poor ventilation that is a real cause 
of the problem. Workers are divided emotion¬ 
ally, smokers vs. nonsmokers, and a solution to 
poor indoor air quality is negotiated on the 
smoking issue alone. Then, improving the 
ventilation system is postponed until the 
smoking policy is given ample time to foil. 

(SEIU 3-630) 

Building investigators from HBI have noted: 

Smoke accumulation within offices may be 
only the tip of the iceberg. If smoke is trapped 
by bad ventilation so are all other indoor 
pollutants. Many of these invisible chemicals, 
dust, fibers, bacteria, and fongi can have acute 
or long term health effects on the building 
occupants .. . [Rjeacting solely to the visible 
evidence of poor ventilation omits invisible 
pollutants and certainly does not address the 
fundamental problem of inadequate ventila¬ 
tion. (HBi, 3-1053) 

The HBI submission further suggests that “the need 
to implement a smoking policy in tn office building 
often results from poor HVAC operation and mainte¬ 
nance practices that cause a plethora of IAQ problems, 
the only visible symptom of which is an accumulation 
of tobacco smoke.” (3-1053) 

The RFI submission from the Ford Motor Company 
undermines the fundamental assumption of the 
smoking ban advocates* position, i.e.: 
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PTS/ETS and 1AQ issues are not associated 
with significant air contaminant concentra¬ 
tions. In resolving this issue, government and 
management come head on into a basic 
philosophical dilemma of should there be one 
set of air contaminant limits for the office and 
one for the shop floor. If one subscribes to the 
theory that PTS/ETS in the concentrations 
normally found in offices is carcinogenic, then 
one would also have to conclude that most 
workers in factories and garages are exposed to 
harmful levels of carcinogens. Even conserva¬ 
tive epidemiological studies suggest that this 
type of epidemic does not exin in the Ameri¬ 
can workplace. (3-447, 3-433) 

Thus, a smoking ban is a one-dimensional approach to 
indoor air quality — one which does not improve flesh 
air ventilation and one which will not ensure acceptable 
indoor air quality. This dearly has been recognized by 
A5HRAE in its recent revision of its Standard for 
Ventilation^ Standard 62-1989. A5HRAE rejected 
ventilation rates which were predicated soldy on the 
presence or absence of smoking (Standard 62-1981) 

Even the staunchest proponents of source control 
appear to concede that smoking bans will hot improve 
ventilation or address other substances in indoor air. 
An EPA health official was quoted as saying recently 
booking for single chemical contaminants isn't the 
answer" to the problem of indoor air quality " In that 
same artide, the director of the EPA's Indoor Air 
Division, Robert Axdrad, stressed that "people should 
not be allowed to believe that addressing smoking will 
solve (all indoor air quality problems)" in spite of his 
bdief that tobacco smoke is "the most prevalent 
pollutant." Said Axelrad: "There are hundreds of other 
contaminants that need to be addressed." (PM, 1074) 

A smoking bam therefore, represents a "solution” 
which may not appreciably reduce non smoker expo¬ 
sure to substances in the indoor air, because it flails to 
address the issue of mo/indoor air quality. 


Other Workplace Smoking Policy Options 


While a smoking ban represents an extreme and 
apparently misguided approach to total indoor air quality, 


some individuals report annoyance and even irritation by 
the sight or smell of tobacco smoke. Such complaints 
about exposure to PTS typically have been addressed by 
employers with one or more of the following: 

1. Increase outdoor air ventilation to levels specified 
in local building codes, or more recently, to levels 
specified in ASHRAE Standard 62-1989 "Ventila¬ 
tion for Acceptable Indoor Air Quality;" 
relocation of a work station; 
grouping of smokers and norumokers; 
the use of partitions in "open" office settings; and 
the use of desk top air cleaners or "smokeless 
ashtrays" for smokers. 

Such measures have been effective historically in 
addressing complaints about PTS and require few 
additional com from an employer. These remedies arc 
based on the concept of accommodation for both 
smokers and nonsmokers. In addition, and more 
important, scientific data submitted to the OSHA RFI 
docket indicate that these common solutions, includ¬ 
ing adequate ventilation and the simple separation of 
smokers and nonsmokers, are effective in providing 
acceptable indoor air quality and for minimizing 
nonsmoker exposure to ETS. 


Simple Separation of Smokers and Nonsmokers, 
Even Under Conditions of Recirculation, Effectively 
Minimizes PTS Exposure of Nonsmokers: Data 
Do Not Support a Significant Reduction in PTS 
Exposures (or "Risk” Imputed to PTS Exposures) 
Beyond Adequate Ventilation and/or Simple 
Separation of Smokers and Nonsmokers 


A number of studies in the published literature have 
evaluated exposure to PTS constituents under various 
kinds of smoking policies. Typical constituents mea¬ 
sured include: respirable suspended particulates (RSP), 
UV-PM, nicotine, carbon monoxide and carbon 
dioxide. The measurements are undertaken in both 
smoking and nonsmoking areas, usually under general 
recirculation conditions. 

The results reported in the published literature 
indicate that simple separation of smokers and non- 
smokers, under general recirculating ventilation 
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conditions, can reduce nonsmoker exposure by as 
much as 80-98%. 

One recent study reported that the use of designated 
smoking areas reduced exposure to PTS by as much as 
95%89 Another study of a smoking-restricted office 
building reported that ambient nicotine in nonsmok¬ 
ing areas was virtually undetectable, suggesting that 
PTS had a negligible impact on the nonsmoking areas 
of the building.* 0 (PM, 3-1074) 

Canadian researchers, in a series of reports, presented 
results on levels of PTS constituents in offices where 
smoking was regulated and unregulated. They reported 
no significant differences in average PTS constituent 
levels between nonsmoking offices that received 
recirculated air from designated smoking areas and 
nonsmoking offices that did not receive recirculated 
air. 14 * 2143 Nicotine concentrations reported for non¬ 
smoking areas were marginally about limits of detec¬ 
tion; there were no measurable differences in R5P or 
CO levels in nonsmoking areas that did or did not 
receive recirculated air from smoking areas. (TDSA, 3- 
1073) They concluded: 

The results indicate that the provision of a 
designated, but not separately ventilated smoking 
area can effectively eliminate or drastically 
reduce most components of environmental 
tobacco smoke from nonsmoking offices. 

Hedge et al., in 1991 reported results of PTS con¬ 
stituent measurements under five different kinds of 
smoking policies.* 1 Their results are reported below: 

A study of the effects of smoking policy on 
indoor air quality and sick building syndrome 
symptoms among 3,155 workers in 18 private 
sector air-conditioned office buildings is 
described. Five smoking policies were investi¬ 
gated: smoking prohibited, smoking restricted 
to rooms with local filtration, smoking 
restricted to rooms with no local air treat¬ 
ment, smoking restricted to rooms with 
separate ventilation, and smoking restricted to 
the open-plan cubicle workstations and 
enclosed offices. Levels of carbon monoxide, 
carbon dioxide, respirable particulates, 
formaldehyde, ultraviolet particulate mass, 
nicotine, air temperature, and relative humidity 
were measured at eight sample sites in each 


building. Approximately 30 workers at each of 
the eight sample sites completed an extensive 
questionnaire on environmental conditions, sick 
building syndrome symptoms, job satisfaction, 
job stress, smoking history, and personal details. 
Indoor air quality measures met the current 
ASHRAE 62-1989 standard. Comparison of all 
open-office sites between policies showed no 
significant differences in levels of carbon 
monoxide, carbon dioxide, formaldehyde or 
respirable particulates. Levels of ultraviolet 
parti cubic mass and rebbve humidity were 
significantly lower in buildings where smoking is 
prohibited, and air temperature was significantly 
higher in these buildings, although on average 
this was <1_G Among all buildings, air tem¬ 
perature was the only physical measure chat was 
significantly correlated with SBS symptoms. 
Smoking policy had no significant effect on sick 
building syndrome symptoms. 

And: 

Smoking policy had a relatively small effect on 
LAQ for the pollutants measured. For most of 
these pollutants, there were no significant 
differences in concentration among offices in 
SP buildings, nonsmoking office areas in RF, 
RSV. and RNT buildings, and office areas in 
RWS buildings. There was a significant effect of 
smoking policy on UVPM and formaldehyde in 
these office areas, which was due primarily to 
higher levels in the RF and RSV policies. 

However, all con centra cions of UVPM and 
formaldehyde were low. UVPM was not 
significandy correbted with gravimetric RSP, 
even though the UVPM samples were derived 
from these RSP samples. UVPM did correbte 
significandy with metered RSP (r - 0.69, p - 
0.0001) and with nicotine (r» 0.43, p * 0.002), 
which suggests that UVPM is measuring 
particubtcs from ETS. (Hedge, 3-955) 

Lee and co-workers (1985) evaluated the effects oft 

smoking policy on airborne PTS constituent fevcb. M 

They reported: 

A new smoking policy was implemented on a 
trial basis on one floor of a large modem 
Canadian office building. Smoking was 
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limited to a single enclosed room which shared 
the same recirculating-type ventilation system 
with the rest of the floor. Environmental 
monitoring was conducted on the test floor and 
a control floor during three consecutive working 
days both before and a ha policy implementa¬ 
tion. Hourly levels of respirable suspended 
particulate (RSP), carbon monoxide (CO) and 
carborj[ dioxide (C0 3 ) were monitored on the 
floors'and in the designated smoking area 
throughout the workday. Temperature and 
relative humidity were monitored at specific sites 
on each floor and the quantity of outdoor air 
supplied to each floor was measured on a daily 
basis. A voluntary questionnaire was circulated 
to all staff to detea any changes in personal 
smoking habits over the course of the study. 

Results of the investigation showed statisti¬ 
cally significant reductions of RSP and CO 
concentrations on the test floor. After stan¬ 
dardization to the control floor, the test floor 
results indicated a reduction of RSP and CO, 

23% and 7.2%, respectively. (TDSA, 3-1Q73; 

PM, 3-1074) 

In 1989, Proctor and co-workers examined nicotine, 
respirable particulates, carbon monoxide, carbon 
dioxide, and volatile organics in the air of smokers* and 
nonsmokers’ offices. 11 The data suggest very little 
nonsmokcr exposure to various PTS constituents. The 
median UV-PM (ultraviolet paniculate matter) level in 
nonsmokers* offices was 8.8 ug/m 5 ; the median 
nicotine value was 0.6 ug/m 5 . Carbon monoxide and 
carbon dioxide levels did not differ appreciably be¬ 
tween smokers' and nonsmoken’ offices. Overall, levels 
of volatile organics did not differ significantly between 
smokers’ and nonsmokers’ offices. (PM, 3-1074) 

Bayer and Black (1987) reached a similar conclusion 
in their investigation of VOC levels in smokers* and 
nonsmoken* office^ 45 They noted that although 
differences in nicotine concentrations were measured 
for offices of smokers and nonsmokers, no significant 
differences in VOC levels were discerned in smoken* 
vs. nonsmoken* offices. The rescarchen observed that 
"it was not possible" to correlate VOC concentrations 
with PTS or to attribute the source of various VOCs to 
PTS. (PM, 3-1074) 
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Recent studies on PTS constituent levels aboard 
commercial aircraft, including a 1989 study performed 
for the U.S. Department of Transportation, indicate 
the effectiveness of simple separation of smoken and 
nonsmoken in the minimisation of PTS expo- 
sures.* KW (p M , 3-1074) 

Similarly, Proaor (1987) monitored PTS constiru^ 
ents before and after a smoking ban on public trans¬ 
portation in the United Kingdom.* While nicotine 
concentrations decreased from 7 ug/m 5 (micrograms 
per cubic meter) to 3 ug/m 5 in nonsmoking compart¬ 
ments after the ban, particulate and CO levels re¬ 
mained unchanged. This suggests that PTS contribu¬ 
tions to levels of particulates and CO in public trans¬ 
portation arc not significant- (PMt 3-1074) 

Investigators from Healthy Buildings International 
recently summarized results of a paper entitled “The 
Measurement of Environmental Tobacco Smoke in 
585 Office Environments." 41 Using nicotine and 
particulates as markers for the presence of PTS, the 
investigators developed a computer model to predict 
whether a given set of constituent data came from a 
smoking or nonsmoking area. Using the constituent 
measurements from a given area, the computer model 
identified with 96 percent accuracy whether or not the 
area was “nonsmoking." This is, "spillover" of tobacco 
smoke was reported in only 4 percent of the areas. As 
the authors concluded: 

This finding shows that, in general, conven¬ 
tional office ventilation and partitioning is 
successful in separating smoken from nonsmoken. 

And; 

Discriminant analysis shows that when 
'blindfolded' for presence or absence of 
smokers, in most cases realistic smoking levels 
do not significantly influence the aspects of air 
quality that were measured, and spillover from 
smoking areas into nonsmoking areas appears 
to be minimal. This work further rein forces 
the position the American Society of health 
Refrigerating and Air Conditioning Engineers 
(ASHRAE) has taken on ETS in office 
buildings in ASHRAE Standard 62-69 
(1969), in that acceptable air quality can be 
maintained in properly ventilated offices with 
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a moderate amount of smoking, even without 
smoker segregation. (HBI, 3-1053) 

The studies reviewed above contain data regarding 
the low levels of PTS constituents purportedly "trans¬ 
ferred 1 * from smoking to nonsmoking areas, even under 
conditions involving a shared ventilation (recircula¬ 
tion) system. Data reported in those mi dies indicate 
that PTS constituents, and particularly nicotine, RSPs, 
and CO in nonsmoking areas in buildings where 
smoking is permitted, are often only slightly above the 
limits of detection, and often indistinguishable from 
"background" levels of such constituents which can be 
found in buildings in which smoking is altogether 
prohibited. The dau support the contention that 
simple separation of smokers and nonsmokers effec¬ 
tively reduces PTS exposure in nonsmoking areas even 
under conditions of recirculation. 


Dedicated Smoking Lounges 
and Other Options 


Research thus indicates that compliance with ventila¬ 
tion rates comparable to those prescribed by ASHRAE 
62-1981 and/or simple separation of smokers and 
nonsmoken in the workplace will effectively minimize 
exposure of nonsmokers to PTS constituents. Neverthe¬ 
less, some employers have deemed it necessary to physi¬ 
cally separate smokers and nonsmokers, typically by 
establishing a room or lounge dedicated to smoking. The 
cluster of smokers in a confined space, however, may 
place excessive demands upon an eastern ventilation 
system. Thus, separate smoking rooms are often equipped 
with independent ventilation and/or exhaust systems. 

ASHRAE suggests a ventilation rate of 60 efrn/person 
for areas dedicated as smoking lounges. In order to 
preclude the “migration" of tobacco smoke from the 
lounge into the central ventilation system, the lounge 
may be fitted with a exhaust to the exterior. Equipping 
a room with a separate ventilation and exhaust system, 
however, can be very costly to property owners and 
building managers. Indeed, a provision oft separate 
ventilation/cxhaust for dedicated smoking areas may 
not be feasible because of such cost constraints, 
particularly for smaller businesses. 


Existing technology permits partial recovery or at 
least minimization of increased costs due to retrofit and 
operation expenditures for separate smoking lounges. 
One such technological advance utilizes the Energy 
Recovery Unit (ERU), the principal for which involves 
the passing of air exhausted from the smoking lounge 
across a heat recovery wheel which then transfers the 
heat from the lounge to the wheel The wheel then 
rotates from the exhaust air stream to the incoming 
supply air stream. On cold days, for example, the 
incoming air is heated and on warm days it is cooled. 
Energy recovery efficiencies have been estimated 
between 70 to 80 percent for such units, thereby 
substantially reducing operating costs incurred by 
increasing ventilation for a designated smoking area. 

Another technological advance, discussed in OSHA 
RFI 3-879, involves die use of the “cold air distribu* 
tion system." Such systems also make use of an "en¬ 
thalpy" or hea(-transference wheel used in the ERU. 
When properly designed, installed, and operated, the 
cold air distribution system permits delivery of fresh air 
at ASHRAE specified rates and energy costs which are 
far below those of traditional HVAC systems. 

Another option for the ventilation system of a 
dedicated smoking lounge involves displacement or 
"plug flow" ventilation, in which ventilation (supply) 
air flows through the Boor and moves vertically 
through the room and is exhausted at the ceiling. 
Substances present in the indoor environment such as 
dust, tobacco smoke, odors, bacteria, etc., will rise 
vertically above the room and will be removed by the 
exhaust. (PM, 3-1074) 

All of the options listed above would require addi¬ 
tional expenditures for retrofit, as well as increased 
operation costs. The options are available for those 
who desire to physically segregate smokers and non- 
smokers in the workplace. However, no dau exist, to 
our knowledge, which suggest that the dedicated 
smoking lounge will significantly reduce exposure to 
PTS-related constituents beyond reductions achieved 
by appropriate ventilation and the simple separation of 
smokers from nonsmoken. Indeed, data from numer¬ 
ous studies submitted to the RPI docket and discussed 
in this brief indicate that the PTS constituent burden 
in areas that arc adequately ventilated and/or simply 
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segregated from smoking is minimal, with constituent 
levels barely above detection limits for sensitive moni- 
ion, and often otherwise indistinguishable from the air 
in completely “smoke-free" buildings. Thus, the 
submission from R.J. Reynolds observes: 

Any assessment of the need for measures to 
supplement a generic standard with special 
provisions such as mandated smoking lounges 
with separate exhaust or a smoking ban to 
reduce further any residual levels of PTS would 
plainly reveal that such measures would only 
result in an insubstantial reduction of an already 
de minimis exposure level. Accordingly, the 
imposition of such measures as mandated 
smoking lounges or smoking bans would be 
impermissible under this Supreme Court's 
direction that OSHA is authorized only to 
eliminate significant risks and may not seek the 
‘regulation of insignificant risks.’ (3-1086) 


Smoking Policies Conclusion 


A requirement that all buildings which permit 
smoking must have designated smoking areas with 
separate ventilation and exhaust would be a costly 
requirement and clearly superfluous, given the scien¬ 
tific data regarding the simple separation of smokers 
and nonsmokers. Moreover, retrofit costs required for a 
designated area with separate air intake and exhaust 
could be economically burdensome to an employer or 
building owner. 

Workplace environments are infinitely varied and 
smoking policies therefore need to be designed to fit 
the requirements of individual workplaces. The 
question of "feasibility* ought to be determined on an 
individual, case-by-case basis. In certain workplaces, it 
may be unnecessary to institute any change in current 
employer smoking policies. In others, minimal changes 
may sensibly accommodate the interests of the em¬ 
ployer and smokers and nonsmoken alike. 
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SUMMARY 


Substantive comments submined in response to the 
OSHA RFI sqppon the building systems approach to 
indoor ait quality.- The approach is supported in both 
theory and practice, and it has been used successfully 
for the mitigation of indoor air quality problems. 

The building systems approach offers a comprehensive 
solution to poor indoor air quality. Attention to 
adequate supply air and its distribution to occupied 
spaces, together with proper maintenance of the 
HVAC system, provides a means for decreasing 
exposure to a wide range of substances in indoor air — 
a solution which remains constant over time. 


The approach is feasible because it relies upon already 
existent technology and currently adopted consensus 
standards for ventilation. It is also cost-effective because 
an increase in outdoor air ventilation, for example, 
docs not necessarily adversely affect annual energy 
budgets, and it may lead to a reduction in complaints 
and/or increased worker productivity. 

We therefore urge OSHA to carefully consider the 
merits of the building systems approach during its 
review process. 
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A CRITIQUE OF: 


"AN ENFORCEABLE INDOOR AIR QUALITY STANDARD 
FOR ENVIRONMENTAL TOBACCO SMOKE IN THE WORKPLACE," 
by JAMES L. REPACE AND ALFRED H. LOWREY, 
v Risk Analysis 13(4): 463-474, 1993 


Summary : 


In their paper, Repace and Lowrey claim to have developed 
"a model which permits using atmospheric nicotine measurements to 
estimate nonsmokers' ETS lung cancer risks in individual workplaces 
for the first time ." 1 The model is a modification and extension of 
previous exposure and risk models developed by the authors . 1-2 Both 
models were heavily criticized In the scientific literature . 3 ' 12 

The report presents no new data on workplace exposures to 
ETS, and the model that is developed to assess exposure and risk 
dbes not utilize available epidfemiologic data or actual exposure 
data from the published literature. The available epidemiologic 
data on the workplace provide virtually no support to the claim, 
that ETS exposures are associated with an increased risk of lung ; 
cancer for nonsmokers. Moreover, actual measurements of 
constituents of ETS in the air of offices, restaurants and public 
places are five to ten times lower than the exposure estimates 
generated by Repace and Lowrey's theoretical model. 
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The estimates for "acceptable" and "obvious" risks 
proposed by the authors are based upon erroneous exposure estimates 
for ETS-related respirable suspended particulate (RSP) (smoke 
particles), nicotine and cotinine, a substance converted from 
nicotine by the body. The calculated "acceptable risk" for 
airborne RSP attributable to ETS is 1,000 times lower than the 
permissible exposure levels set by the World Health Organization, 
the U.S. EPA and Health and Welfare Canada; the calculated 
"acceptable risk" level is also well below background levels 
reported for RSP in smoke-free environments. The suggested 
permissible airborne exposure level for nicotine is so minuscule 
that it is below detection limits for sophisticated air monitoring 
devices, and the level of "obvious risk" calculated for cotinine 
levels in the body fluids of nonsmokers is attainable by the 
ingestion of common foods -- potatoes, tomatoes, eggplant and 
fruits -- in the absence of any exposure to ETS. 

Background 


A model that generates "acceptable" levels of exposure 
for various ETS constituents that are lower than the detection 
limits of sophisticated air monitoring devices, or one that 
provides estimates of "obvious risk" that are surpassed in 
individuals who are not even exposed to ETS, must be seriously 
questioned. The model's principal shortcoming is found in the 
estimates generated for nonsmoker exposure to various ETS 
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constituents in the workplace. The model-generated estimates of 
exposure do not track reality and are not remotely similar to the 
available empirical data regarding actual workplace exposure to ETS 
constituents. 

In 1980, Repace and Lowrey published a description of a 
model for predicting and estimating ETS exposures based on the use 
of respirable suspended particulate (RSP) as a marker for ETS. 1 
The authors also sampled the air of meeting and game rooms, bars, 
sandwich shops and similar venues for RSP. They claimed that the 
average level of RSP measured in the various locations verified 
their predictive model (approximately 250 micrograms per cubic 
meter of air (ug/tn 3 ):) , 1,2 

The sampling procedures used by the authors were 
challenged, as was their assumption that all RSP in the air is 
attributable to ETS. 3 " 6 Dust indoors contributes substantially to 
RSP. Chemical analyses have been developed for estimating the 
relative contribution of ETS to total RSP indoors. Field studies 
indicate that ETS-RSP comprises from 10% to 50% of total indoor air 
RSP, and typically contributes 25 to 35% of the RSP present in an> 
environment in which smoking takes place. 13 

Actual measurements of RSP in hundreds of offices and 
similar workplaces reveal that source - apportioned RSP due to ETS is 

- 3 - 
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typically 5 to 10 times lower than the "average" level reported by 
Repace and Lowrey. 14-19 

• One recent investigation reported that average 
Revels of RSP in 330 offices in which smoking was 
permitted was 46 micrograms per cubic meter (ug/m 3 ) , 
compared with an average of 20 ug/m 3 reported for 
254 nonsmoking offices; 1 ' 9 

• Four studies on the measurement of RSP from ETS in 

the workplace were reviewed by scientists from' Oak 
Ridge National Laboratories (ORNL) in their 1992 
monograph on the chemistry and measurement of ETS. 13 
The four studies reported average RSP 
concentrations from ETS of: 27 ug/m? for 131 

offices; 32 ug/m 3 for 22 offices; 28 ug/m 3 for 194 
offices and 44 ug/m 3 for 31 offices; 

• Authors of a 1988 survey of 31 offices in Ottawa, 
Canada, cited by Repace and Lowrey (Reference No. 

70), noted that: "based on the results of this 
survey, the average office worker was exposed to 
0.0039 cigarette equivalent per hour (using 
nicotine as a marker) 1 , 0.0010 cigarette equivalent 
per hour [for ETS-related RSP] . . . the time for 
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exposure to 1 cigarette equivalent would have been 
260 hours (using nicotine) or 1,000 hours [for ETS- 
related RSP] . 1,14 

The- overestimation of RSP attributable to ETS by the 
authors' 1980 exposure model was applied to their risk assessment 
model published in 1985. 2 In their 1985 paper, the 250' ug/m 3 
"average *' exposure of RSP estimated by the authors' 1980 exposure 
model generates an estimated average daily "lung exposure" (dose) 
of 1430 ug RSP. (The "dose" function is calculated by the 
equation: exposure (250 ug/m 3 ) (x) duration (8 hours) (x) rate of 

respiration (1 m 3 /hour).* 

• The risk model was criticized because its 
assumptions for exposure and dose were not based on 
actual measurements. One commenter observed that 
actual exposure measurements reported by other 


By comparing the rate of lung cancer reported in a single 
study on Seventh Day Adventists (presumed to be unexposed to 
ETS) with that reported for a population of non-Seventh Day 
Adventists (who presumably were exposed to ETS) , the authors 
report a mortality rate for non-Seventh Day Adventists that is 
2.4 times that of the Seventh Day Adventist group. 
Extrapolated to the general population of an estimated 63 
million nonsmokers in the 11.S., the mortality rate generates 
an estimate of 4,700 lung cancer deaths per year. This is an 
excess mortality rate of 7.4 lung cancer deaths per 100,000, 
or 5 lung cancer deaths per 1 milligram (1000 ug) of RSP per 
day (derived by dividing 7.4 lung cancer deaths by 1.43 mg 
(1430 ug) of daily RSP "lung exposure..") 

- 5 - 
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researchers ranged from "10-to-100-fold less than 
that in the Repace and Lowrey model”; 9 

• Other scientists suggested that the author's model 

used erroneous and "unrealistic assumptions" that 
resulted in overestimations of risk and 
exposure. 7,6,10112 In particular, one analysis 

demonstrated that, depending upon which assumptions 
were selected, model-generated estimates of 
exposure and risk could vary as much as 300-fold; 6 

• The estimated "lung exposure" 1 of ETS-related RSP 
generated by the Repace-Lowrey model does not 
resemble other estimates published in the 
scientific literature. 8,2Qk24 This is because the 
Repace-Lowrey model employs unrealistically high 
levels of average exposures to RSP, and because the 
model fails to factor in important variables such' 
as particle behavior and deposition, lung retention 
and clearance mechanisms; 20 

• Based upon the above-mentioned factors and upon 
realistic exposure measurements, several authors 
have independently estimated levels of ETS-RSP 
uptake by nonsmokers to approximate 0.02% (1/200 of 

- 6 - 


Source: https://www.industrydocuments.ucsf.edu/docs/mpdlOOOO 


2029166797 



one percent) that of the particulate uptake for an 
active smoker; 821 " 23 

• Other scientists report that "the lung cell doses 
for- average ETS-exposed nonsmokers are probably 
between 1/10,000 and 1/100,000 of equivalent cell 
doses for average mainstream active smokers. In 
practical terms, this implies an annual retained 
dose of tobacco smoke components equivalent to far 
less than the dose from the active smoking of one 
cigarette somehow evenly dispersed over one year 
period" [emphasis added]; 20 

• Another researcher recently reviewed the available 

published data on exposure to ETS constituents, 
including RSP from ETS. 24 Based upon actual levels 
of RSP averaged over a number of studies in the 
workplace environment, the researcher calculated a 
"retained dose" for a nonsmoker that approximated 
2/5 to 1/2 of a single cigarette (equivalent) over 
a year of exposure to ETS. [emphasis added] He 
remarked: "Toxicologically, it does not make any 

sense that retained doses of these very small 
amounts of respirable particulate from ETS would 
result in disease." 

- 7 - 
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The Repace-Lowxev Nicotine Model 


The model described in Repace and Lowrey's recent paper 
converts the authors' previous models based on estimated: exposures 
to RSP into a single model for estimating risk and exposure that is 
based upon nicotine (and its metabolite, cotinine). This exercise 
was undertaken because, according to Repace and Lowrey, "an indoor 
air quality standard based upon RSP. . . would be difficult to 
enforce." (p. 464) RSP, the authors now apparently realize, "is 
not unique to ETS." (p. 464) The authors also argue that 
"quantification of ETS exposure and risk for regulatory purposes 
must be predicated upon substances uniquely associated with tobacco 
combustion, such as nicotine in workplace air." The authors 
believe that nicotine, and its metabolite, cotinine, "are the best 
available markers for ETS exposure and dose," and "therefore also 
serve as the most suitable markers for the carcinogenic effect of 
ETS," even though the authors concede nicotine and cotinine's 
"apparent lack of carcinogenic activity." (p. 464) 

The first step in Repace and Lowrey's attempt to convert 
the RSP-based exposure model to one based upon nicotine requires 
the assumption that there is a constant ratio between airborne RSP 
and airborne nicotine. A constant ratio would make extrapolation 
from one model to another possible. Repace and Lowrey suggest a 
constant ratio of 10;1 for RSP and nicotine. Contrary to Repace 
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and Lowrey, the existence of such a ratio is an open question 
according to the scientific literature. 25 However, of critical 
importance is Repace and Lowrey's estimate for exposure to 
nicotine. The estimate is derived by dividing the "lung exposure" 
estimate of*. 1430 ug/day RSP by 10 (the 10:1 ratio) to yield an 
estimated "lung exposure" of 143 ug/day nicotine., Unfortunately, 
the authors do not appear aware of the fact that nicotine appears 
in the gas-phase of ETS and therefore would exhibit kinetic and 
depositional properties that are different from RSP (particle-phase 
substances), Moreover, the "lung exposure" estimate of 143 ug/day 
for nicotine represents a gross over-estimation when compared to 
actual nicotine measurements in the workplace reported in the 
scientific literature. For example: 

• In the Canadian workplace study cited by Repace and 
Lowrey (Reference No. 70) :, the researchers measured 
nicotine in the air of offices and restaurants in 
Ottawa, Canada. 14 They reported average nicotine 
exposure levels equivalent to 3/100 of a cigarette 
per 8 hour workday In an office, and to 3/10 0 0 
cigarette exposure during a 1 hour meal in a 
restaurant; 

• In a study of over 3,000 travel, work, home and 
leisure locations in the U.K., investigators 
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reported nicotine levels that were below detection 
limits for three-quarters of all sites, even though 
smoking was known to have occurred in nearly half 
of those locations; 26 

' *•-' 

• In another study cited by Repace and Lowrey 
(Reference No. 71) , average nicotine levels 
reported for 156 office samples and 170 restaurant 
samples were 4.6 and 5.1 ug/m 3 , respectively. 15 
According to the study's authors, "estimated mean 
exposure for an 8-hour workday in an office is 0.02 
cigarette equivalent and for a l~h meal in a 
restaurant, 0.003 cigarette equivalent"; 

• In a recent study of 585 offices, researchers 
reported nicotine levels between zero and 2.5 ug/m 3 
in nearly all of the nonsmoking offices sampled. 
Nicotine levels averaged .02 ug/m 3 for all 
nonsmoking offices, and 6.7 ug/m 3 for smoking 
offices; 19 

• Canadian researchers reported nicotine levels of 
1 ug/m 3 or less in nonsmoking offices that received 
recirculated air from designated smoking areas. 27 
This is an exposure equivalent for nicotine of a 
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little more than 1/1000 of a single cigarette. 

Using Repace and Lowrey's over-simplified model for 
the determination of "lung exposure" to nicotine, 
it would take about 3 hours for a nonsmoker to 
"absorb" 1 ug of nicotine. Expressed another way, 
it would take over 400 continual hours of such 
exposure -- 10 weeks of work -- to be exposed to 
the level generated by the Repace and Lowrey model 
for a single day of exposure to nicotine (143 ug)! 

The Repace-Lowrey Cotinine Model 

In the next step of their analysis, Repace and Lowrey 
attempt to verify the nicotine "exposure" model by comparing 
estimates of exposure to reported levels of cotinine in body fluids 
of nonsmokers. An estimative model for cotinine is developed by 
the authors, and the predictions generated by the model for 
cotinine are compared with levels of cotinine actually measured in 
several studies of nonsmokers. 

Although Repace and Lowrey suggest that their model 
predictions for cotinine levels correlate with, and therefore 
support, the predictions of their nicotine "exposure" model, the 
exercise by the authors is not meaningful . That is because the so- 
called correlation between model-generated estimates for nicotine 
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in the air and cotinine levels in body fluids has no basis in 
reality -- the results for nicotine are not based upon actual 
ambient measurements. 

A more fundamental flaw in Repace and Lowrey's analysis 
of cotinine follows from the authors' assumptions that: 

(1) cotinine is a reliable quantitative measure of ETS exposure; 

(2) airborne levels of nicotine can be correlated with body fluid 
levels of cotinine, and (3) body fluid levels of cotinine are 
determined solely by airborne levels of nicotine. None of these 
assumptions has been borne out in the scientific literature. 

• Cotinine has never been demonstrated to be a 
reliable quantitative marker for ETS (or nicotine) 
exposure in nonsmokers. According to one of the 
reviewers of the present Repace-Lowrey study, (also 
cited in their paper (Reference No. 28)): "Within 

a given exposure level there was considerable 
variability in cotinine values. Cotinine was 
chosen as a biological marker of ETS exposure 
because it is specific to tobacco smoke. However, 
cotinine levels in body fluids may not only reflect 
environmental exposure to tobacco smoke, but also 
factors that influence uptake and metabolism of 
nicotine." 28 The authors conclude: 
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The relatively modest correlation between 
reported ETS exposure and urinary 
cotinine indicated that other factors 
such as differing metabolic rates and 
body size may have a confounding effect 
on the relationship between cotinine 
levels and questionnaire measures of ETS 
exposure. In view of this finding, we 
would recommend against using cotinine 
levels as a strictly quantitative 
indicator of ETS. 


• A concentration of cotinine at any given time 
depends not only upon the exposure and dose of 
nicotine, but also upon the rate of metabolic 
conversion of nicotine to cotinine in an 
individual, as well as upon the rate of elimination 
or clearance of cotinine from the body. 
Individuals metabolize nicotine in different ways 
at different times, and elimination and clearance 
rates for cotinine vary among individuals. Any 
single determination of a given cotinine level in 
the body fluid of an individual is therefore 
subject to physiological, pathological and genetic 
variabilities. 29 ’ 35 It is thus impossible to 
extrapolate, with any degree of confidence or 
reliability, from cotinine concentrations to 
nicotine exposure in the ambient air, given inter- 
individual variations in the metabolism and 
clearance of cotinine. 
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• Can ambient levels of nicotine be correlated with 
body fluid levels of cotinine, as assumed by Repace 
and Lowrey? According to researchers cited by 
Repace and Lowrey themselves, the answer is no. 
For example, Curvall and colleagues (Reference No. 

4 6 in Repace and Lowrey) note in another study: 
"The pharmacokinetics of nicotine and cotinine have 
been evaluated in smokers and nonsmokers at 
concentrations usually achieved by smokers, and 
little is known about the kinetics of these 
compounds at concentrations found in nonsmokers 
exposed to environmental tobacco smoke 
nicotine. . . the suitability of cotinine as a 

marker of environmental tobacco smoke nicotine 
exposure has only been evaluated in field studies; 
no data are available on the relationship between' 
low dose nicotine intake and cotinine 
concentrations in nonsmokers." 29 

In a series of studies by other authors cited by 
Repace and Lowrey (Reference No. 67), Coultas et 
al . , compared ETS exposure measurements, 
questionnaire estimates of exposure and cotinine 
levels in nonsmokers. 36 ' 38 They report: 
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During one workshift, we obtained 
questionnaires on exposure, saliva and 
urine for cotinine, and personal air 
samples for respirable particles and 
nicotine. The levels of cotinine, 
respirable particles, and nicotine varied 
widely with self-reports of exposure to 
ETS. 


r 

i 


• Idle of the United Kingdom wrote in 1989; 30 


The complex of dynamic interactions which 
leads to a certain salivary or urinary 
concentration of cotinine at one point in 
time following exposure to a defined 
amount of airborne nicotine needs to be 
dissected. . . single point cotinine 
concentrations can give no more than a 
clue to a past exposure to pyridine 
alkaloids of unknown amount, at an 
unspecified time, by an unknown route of 
entry and from unknown origins. 


• The assumption that cotinine levels in body fluids 
are the sole result of airborne nicotine exposures 
from ETS is undermined by a third area of research 
that has identified significant sources of nicotine 
in the common diet. According to a recent report 
by Domino, et al. , trace levels of nicotine can be 
found in a number of human foods such as potatoes, 
tomatoes and eggplant. 39 The researchers report 
that their findings independently verify previous 
reports by other investigators. 40 " 42 Recorded levels 
of nicotine in various vegetables such as 
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cauliflower, eggplant, potatoes and tomatoes range 
from about 3 nanograms/gram to about 100 
nanograms/gram -- where a nanogram is 1 billionth 
of a gram and 28 grams are equivalent to one ounce, 
^f one assumes complete absorption 1 of the nicotine 
from vegetables during ingestion, an individual 
would consume about 10 grams of eggplant, 65 grams 
of potatoes or 93 grams of tomatoes to obtain a 1 
microgram dosage of nicotine. This translates into 
about one-third ounce of eggplant, five ounces of 
potato, or about eight and one-half ounces of ripe 
tomato to account for a 1 ug intake of nicotine. 
(A nonsmoker exposed to 1 ug/m 3 of nicotine in the 
air would take approximately three hours to 
"absorb” 1 ug.) 

Similarly, Davis, et al. (1991) calculated a total 
of 8.8 ug intake of nicotine per day from the 
consumption of average quantities of the foods 
mentioned above. 42 This would result in a urinary 
cotinine concentration estimated at approximately 
0.6 ng/ml. Maximum consumption of nicotine- 
containing foods could result in an estimated 
urinary cotinine concentration of 6.2 ng/ml. This 
range of values for cotinine due to diet is 
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comparable to levels reported in various studies 
for nonsmokers who are exposed to ETS. 

Thus, cotinine is not a reliable quantitative measure of 
ETS exposure.,:: This is because body fluid levels of cotinine cannot 
be attributed solely to nicotine in ETS, and because body fluid: 
levels of cotinine do not correlate well with actual ambient air 
exposures to nicotine or with other ETS constituents. 

Risk Estimates 


Repace and Lowrey apply the exposure estimates generated 
by their particulate; nicotine and cotinine models to their 
previous estimates of excess risk purportedly due to ETS. The 
authors base their estimate of excess risk on the analysis of a 
single study which compared lung cancer mortality in Seventh Day 
Adventists with a group of non-Seventh Day Adventists. 2 The study 
did not assess ETS exposures. Rather, Repace and Lowrey assumed 
that Seventh Day Adventists are not exposed to ETS and: that all 
individuals in the non-Seventh Day Adventist group are. The 
difference in the lung cancer mortality rate between the two groups 
was applied to the overall population of nonsmokers in the U.S. 
This generated an estimated risk of approximately 5,000 lung cancer 
deaths per year (5 lung cancer deaths/100,000/1,000 ug particulate 
exposure/day). 2 
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Repace and Lowrey's risk estimate was severely criticized 
in the scientific literature. 7 ^ 12 ' 43 ETS exposures were not evaluated 
or assessed in the single study relied upon by the authors for 
their risk estimate, yet they assumed that differences in lung 
cancer death rates between the Seventh Day Adventist group and the 
non-Seventh Day Adventist group could be ascribed solely to ETS. 
However, the difference in lung cancer incidence between the two 
groups is likely due to major lifestyle differences, including 
dietary habits, alcohol consumption and occupation. These possible 
risk factors were not adequately considered by Repace and Lowrey. 

Conspicuously absent from Repace and Lowrey's current 
risk estimate for the workplace is any reference to, or discussion 
of, the 14 available epidemiologic studies on workplace exposure to 
ETS and lung cancer in nonsmokers. 44 " 57 The 14 studies report 18 
risk estimates; 16 of the 18 risk estimates are not statistically 
significant. That is, 16 of the risk estimates are consistent with 
no increase in risk for nonsmokers reporting exposure to ETS in the 
workplace. Many of the risk ratios reported in these studies are 
below 1.00 -- suggesting more cases of lung cancer among nonsmokers 
who report no exposure at work than among those who report exposure 
to ETS. If the risk ratios reported in the 14 individual studies 
are combined and averaged in a meta-analysis like that used by the 
EPA in its risk assessment on ETS, the result indicates no increase 
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in overall risk for nonsmokers reporting exposure to ETS in the 
workplace. 58,59 

Specific Risk Estimates 

Repace and Lowrey estimate that an "acceptable" lifetime 
risk for exposure to ETS-derived RSP would be .075 ug/m 3 . The 
level of "obvious risk" for particulate exposure is established at 
23 ug/m 3 by the Repace and Lowrey model. These risk estimates are 
based upon erroneous estimates of exposure and risk generated by 
the authors' previous models. For example, the estimated exposure 
limit for acceptable risk of .075 ug/m 3 is 3 orders of magnitude 
Cl,. 000 times) lower than exposure limits established by various 
health, agencies around the world. The level of particulate 
exposure from ETS designated as of "limited or no concern" by the 
World Health Organization is 100 ug/m 3 . 60 Similarly, Canadian 
exposure guidelines for residential indoor air quality establish 
acceptable short-term exposure limits for particulate at 
100 ug/mVhour ■ 61 The U.S. EPA's National Ambient Air Quality 
Standard for outdoor levels of (total suspended) particulate is 
260 ug/m 3 for a maximum 24 hour exposure; 75 ug/m 3 annual geometric 
mean exposure. 62 No indoor standard for particulate exposure exists 
in the U.S. 
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The “acceptable risk" calculated by Repace and Lowrey for 
nicotine exposure is hundreds of times lower than the levels found 
in well-ventilated offices. The "acceptable risk" exposure limit 
for airborne nicotine of 7.5 nanograms/m 3 is below the limit of 
detection £or most air monitoring devices. It is equivalent to the 
amount of nicotine found in a gram of "beefsteak" tomato. 40 

The "acceptable" or de minimis risk value calculated for 
cotinine corresponds to a steady-state level of 2.5 picograms of 
cotinine per milliliter of urine. (A picogram is one-trillionth of 
a gram', ) This exposure limit is so How that it could be accounted 
for completely by the consumption of foods in an individual's 
ordinary diet, in the absence of all exposures to tobacco. 

• The Repace/Lowrey model for cotinine predicts a 
median value of 6.2 nanograms/milliliter in the 
urine of nonsmokers in the U.S. The authors assume 
that this level is only achieved by exposure to 
ETS, but it also corresponds to the upper bound of 
possible contributions by dietary factors, as 
reported by Davis, et al. in 1991. 42 

• For an average working lifetime exposure level of 1 
nanogram/milliliter of urinary cotinine, Repace and 
Lowrey predict a lung cancer risk of 4 per 10,000. 
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Again, contributions from the ordinary diet of 
individuals could be expected to exceed this 
estimated risk level. For example, an "exposure 
level' 1 of 1 nanogram of cotinine could be achieved 
.the ingestion of four ounces of potatoes per 
day. Given that cotinine is both a biologically 
inert and non-carcinogenic substance derived from 
common foods, Repace and Lowrey's estimation of 
"excess risk" based on cotinine is reduced to 
absurdity. 
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PHARMACOKINETIC MODELING 


COTININE IS NOT A RELIABLE QUANTITATIVE MARKER 
OF EXPOSURE TO ENVIRONMENTAL TOBACCO SMOKE IN 
NONSMOKERS _ 

In its Proposed Rule on IAQ/ETS, OSHA suggests that 
cotinine, a substance converted from nicotine in the body, can be 
used as a biological marker to measure nonsmoker exposure to ETS. 
OSHA assumes, however, a direct correlation between exposure to 
nicotine in the ambient air and the existence of cotinine in body 
fluids. However, research indicates that such a correlation does 
not exist, for a number of reasons. 1 ' 11 For example, researchers 
have reported that individuals metabolize nicotine in different 
ways at different times and that elimination rates for cotinine 
vary among individuals. In addition, recent research indicates 
that diet may contribute to levels of nicotine and cotinine found 
in the body, thereby interfering with ambient air exposure levels. 12 
Scientists have also noted that different laboratory methods of 
analysis may influence final recorded levels of cotinine. 11 And 
finally, because cotinine is a metabolite of a gas-phase 
constituent of ETS, nicotine, cotinine levels do not represent 
exposures to other constituents of ETS. 

The published literature on possible nicotine-cotinine 
correlations indicates enormous variability between the two 
proposed ETS markers. For example, Cummings, et al. (1990) wrote: 


Source: https://www.industrydocuments.ucsf.edu/docs/mpdlOOOO 


ZZ899T6Z0Z 



"Within a given exposure level there was considerable variability 
in cotinine values. Cotinine was chosen as a biological marker of 
ETS exposure because it is specific to tobacco smoke. However, 
cotinine levels in body fluids may not only reflect environmental 
exposure to tobacco smoke, but also factors that influence uptake 

*V' 

and metabolism of nicotine." 5 The authors concluded: 


The relatively modest correlation between 
reported ETS exposure and urinary cotinine 
indicated that other factors such as differing 
metabolic rates and body size may have a 
confounding effect on the relationship between 
cotinine levels and questionnaire measures of 
ETS exposure. In view of this finding, we 
would recommend against using cotinine levels 
as a strictly quantitative indicator of ETS. 


Similarly, research in 1985 by Johnson and colleagues 
indicated that: "[D]espite an identical exposure rate, 
considerable interindividual variability of subsequent nicotine and 
cotinine levels in saliva, plasma and 24-h urine were observed. 1,9 


Haley and coauthors reported in 1989 that the results of 
their study supported the concept that "cotinine elimination can be 
more rapid in smokers than in nonsmokers who are exposed to ETS." 7 
They also noted that "differences in the mode of uptake and 
absorption of nicotine and possible differences in nicotine 
metabolism may play roles in the clearance rate differences betweej 


smokers and nonsmokers." 
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In 1990, Japanese researchers examined the relationship 
between nicotine and cotinine levels in plasma and urine. 6 The 
results of their study indicated no consistent correlation among 
the four exposure markers for ETS, i.e., no consistent association 
between nipotine levels in plasma and urine with cotinine levels in 
plasma and urine. 

In a commentary published in 1990, Jeffrey Idle of the 
Department of Pharmacological Sciences at the University of 
Newcastle in the United Kingdom wrote: 4 


My own dissatisfaction with indiscriminate use 
of cotinine as a dosimeter of tobacco smoke 
arises from a trade-off of knowledge for 
convenience .. . . [T] he extent of intersubject 
variability in human disposition of nicotine 
and its metabolites is both nebulous and 
poorly understood. The complex of dynamic 
interactions which leads to a certain salivary 
or urinary concentration of cotinine at one 
point in time following exposure to a defined 
among of airborne nicotine needs to be 
dissected . . . [S]ingle point cotinine 
concentrations can give no more than a clue to 
a past exposure to pyridine alkaloids of 
unknown amount, at an unspecified time, by an 
unknown route of entry and from unknown 
origins. 


Curvall and co-workers, in a report published in 1990, 


wrote: 1 
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The estimation of nicotine intake from 
cotiriine concentrations in body fluids is 
valid only if the metabolism of nicotine and 
the subsequent elimination of cotinine are 
independent of the dbse. The pharmacokinetics 
of nicotine and cotinine have been evaluated 
in smokers and nonsmokers at concentrations 
usually achieved by smokers, and little is 
Jtcnown about the kinetics of these compounds at 
'concentrations found in nonsmokers exposed to 
environmental tobacco smoke nicotine . . . the 
suitability of cotinine as a marker of 
environmental tobacco smoke nicotine exposure 
has only been evaluated in field studies; no 
data are available on the relationship between 
low dose nicotine intake and cotinine 
concentrations in nonsmokers , [emphasis added] 


Similarly, in 1991, Proctor and associates reported on 
correlations among salivary cotinine levels, salivary nicotine 
levels, observed number of cigarettes smoked, and ambient exposure 
to ETS. 14 Correlations, on balance, were so poor that the 
researchers remarked that "this raises doubt about the validity of 
salivary cotinine information at low levels and suggests that 
studies that have suggested large portions of the population are 
being exposed to ETS may be misleading (Repace and Lowrey 1985; 
Wells 1988)." 


Another report by Proctor (1990) reached a similar 
conclusion. 15 He wrote: 


The data shows [sic]l little correlation 
between number of cigarettes smoked during the 
sampling period and salivary cotinine at t 2 or 
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with a change in salivary cotinine t 2 -tj. 
Furthermore, there is little correlation 
between personal exposures to nicotine and 
salivary cotinine at t 2 or t 2 -tj. 


Other reviewers, Gori and Mantel, observed the 

' % ’ 

following : 16 


Hopes have been placed on nicotine and its 
metabolite cotinine as possible markers of ETS 
intake and actual internal dose 
Unfortunately ETS-nicotine resides mostly in 
the gas phase and decays at rates quite 
different from other ETS components, to which 
it will have ratios that are variable in time 
and largely unpredictable . . . Plasma 

cotinine levels suffer from similar and other 
shortcomings, although they have been shown to 
correlated with self-reported exposure to ETS. 
Reports also suggest that physiologic 
clearance of nicotine and cotinine at low 
plasma levels may proceed at much slower 
rates, likely because of slower release from 
preferential body compartments. Until these 
low-level kinetics are better understood, low 
plasma levels of nicotine and cotinine are 
likely to lead to substantial overestimations 
of intake doses. As such, nicotine and 
cotinine may provide a dichotomous index of 
contemporary exposure, but they remain 
inadequate as quantitative estimators of 
exposure, actual ETS dose, or their variation 
over an individual's life. 


Another group of authors suggests, "at best, cotinine is 
a semi-quantitative marker of nicotine exposure, and even then only 
if sampling protocols take into account the relationship between 
the time of exposure and the time of sampling." 3 [emphasis added] 
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In 1990, Lewis, et al. , reported that "the variability in 
nicotine transport and metabolism complicates the use of urine 
nicotine and cotinine in assessing ETS exposure." 17 

In summary, cotinine has been used effectively for 

'V-* 

smoking classification purposes because concentrations of cotinine 
reported in smokers are substantially higher than those reported 
for nonsmokers. The claim that cotinine is also a reliable measure 
of ETS exposure, however, presents an issue that has been 
challenged in the scientific literature. A thorough and complete 
review of the literature suggests that, at best, cotinine may be 
used as a qualitative marker of ambient nicotine exposures. 
Consequently, attributable risk and exposure models based upon 
cotinine are seriously compromised. 


NICOTINE IS NOT SPECIFIC TO TOBACCO SMOKE 
EXPOSURE_ 


One of the major problems with the use of cotinine as a 
measure of ETS exposure is that it assumes that nicotine is 
specific only to tobacco smoke exposure, and that exposures to 
nicotine in the air can be directly related to cotinine levels in 
the body. Neither assumption is correct. 1 ' 14, 18-21 It has recently 
been discovered that common foods -- potatoes, tomatoes, eggplant 
and other fruits and vegetables -- naturally contain small amounts 
of nicotine, which is subsequently converted by the body 
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cotinine. 19 ' 21 Nonsmokers who are not exposed to ambient nicotine 
from ETS nevertheless will have detectable body fluid levels of 
cotinine due to dietary ingestion of foods containing nicotine. 19 

Therefore, as one author has suggested:. 4 


Cotinine is variously described as 'a 
particularly specific and sensitive marker of 
exposure to tobacco smoke' , 'a useful and 
reliable indicator of nicotine intake' and 'a 
reliable indicator of tobacco smoke exposure'. 
These statements deserve further comment in 
the light of the recent finding of nicotine 
both in Solanaceae plants which are consumed 
as vegetables in our diet and in instant tea 
preparations. Whilst nicotine, with the 
exception of carbon monoxide, is the most 
abundant single chemical in tobacco smoke, 
with an estimated yield of 1.0-2.3 mg per 
cigarette, with a mean nicotine intake per 
cigarette calculated as 0.75-1.25 mg per 
cigarette, it can no longer be considered as 
tobacco-specific. 


CONCENTRATIONS OF NICOTINE AND ITS METABOLITE, 
COTININE, IN THE BODY ARE NOT VALID MARKERS OF 
ANY SPECIFIC POTENTIAL HEALTH EFFECTS IN 
NONSMOKERS EXPOSED TO ENVIRONMENTAL TOBACCO 
SMOKE_ 


OSHA's claim suffers from at least two major problems. 
First, because nicotine is present largely in the gas phase of ETS, 
it cannot be relied upon to estimate exposure to other ETS 
constituents present in the particulate phase. Second, nicotine 
and cotinine in body fluids are not markers for specific potential 
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health effects in nonsmokers or for reported mutagenicity in the 
urine of nonsmokers exposed to ETS. Kopczynski reported in 1989 
that "further investigation of smoking and environmental variables 
is needed to validate the use of cotinine as a marker compound for 
environmental tobacco smoke particulate matter." 22 As one author 

*V' 

writes: 3 


The first issue is whether the nicotine 
exposure of an individual exposed to ETS 
follows the exposure of the individual to 
other components of ETS. Unless it can be 
demonstrated that changes in the behavior of 
nicotine in air with time parallel those of 
other components, especially those that may be 
associated with the toxicity of ETS, then 
biomarker studies of nicotine or cotinine will 
reflect only nicotine exposure, and cannot be 
used as a basis for extrapolation to ETS per 
se. 


Another author suggests: 23 


[C]otinine in plasma, urine and saliva is 
presently the most reliable biomarker for ETS 
exposure as long as comparisons are limited to 
subjects with different degrees of ETS 
exposure. Extrapolation from the uptake of 
nicotine to that of other tobacco smoke 
constituents is of doubtful validity due to a 
more rapid removal of nicotine than other 
components from ETS in indoor environments. 


The contention that nicotine and cotinine levels in body 
fluids are not markers of the potential mutagenicity of ETS is 
supported by several studies which have reported elevated levels of 
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cotinine in the body fluids of nonsmokers exposed to ETS compared 
with nonsmokers not exposed to ETS but have reported no differences 
in various measures of mutagenicity in the two groups of 
nonsmokers. 23 ' 30 One group of researchers reported an inverse 
relationship Jaetween the levels of cotinine in the urine and : the 
level of mutagens in the urine in nonsmokers. 31 They reported: 


Urinary mutagenicity levels (mean + SE) were 
509 + 186 revertants per millimole in the 11 
nonsmokers exposed to passive smoking with no 
cotinine or nicotine in the urine and 182 ± 
182 revertants per millimole in the 4 
nonsmokers with measurable levels of these 
markers . . . 


Other authors emphasize that nicotine and cotinine "are 
not responsible for the mutagenicity of smokers' urine.'" 32 One 
author summarized the topic as follows: 33 


Urinary cotinine/creatinine ratio is a useful 
marker for estimating personal ETS exposure 
levels. But this marker does not reveal 
health effects caused by involuntary smoking 
because it is too speculative to conclude that 
high level urinary or serum cotinine levels 
directly indicate the possibility of disorders 
in the human body. 
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